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Section  I:  Executive  Summary 

Patterns  of  land  occupancy  and  consequent  Impacts  and  transformations  In 
dry  areas  may  result  In  the  negative  phenomenon,  "desertification," 
defined  as: 

the  sustained  decline  and/or  destruction  of  the  biological 
productivity  of  arid  and  semlarld  lands  caused  by  man-made 
stresses,  sometimes  In  conjunction  with  extreme  natural 
events.   Such  stresses.  If  continued  or  unchecked,  may  lead 
to  ecological  degradation  and  ultimately  to  desert-like  con- 
ditions. 

Widespread  drought.  Increasing  degradation  of  land,  and  human  suffering 
In  parts  of  North  Africa  and  the  Middle  East  during  the  last  decade  led 
to  a  special  United  Nations  Conference  In  Nairobi,  Kenya  In  1977  on 
desertification.   The  United  States  took  a  prominent  role  In  the  meeting 
and  In  the  resulting  actions  which  Included  contributing  to  a  number  of 
coordinated  relief  projects  and  providing  expertise  to  surveys  and 
special  studies  on  the  prevention  of  desertification. 

Conferees  at  that  meeting  also  agreed  to  the  need  for  "plans  of  action" 
to  be  prepared  by  participating  nations.   The  United  States,  for  its 
part,  determined  that  several  constructive  purposes  could  be  served  by 
the  preparation  of  the  present  overview  docunent  "Desertification  in  the 
U.  S.:  Status  and  Issues."  This  is  a  one-time  survey  and  assessment  of 
Important  ongoing  physical  and  social  events  which  are  affecting  the 
quality  of  land  resources  in  the  extensive  water-deficient  areas  of  the 
Western  States.   Emphasis  is  placed  on  identification  and  description  of 
dynamic  processes  set  in  notion  or  accelerated  by  man's  actions  which 
change  the  character  of  the  land  positively  or  negatively;  of  the 
technologies  and  institutional  arrangements  which  have  arisen  to  better 
monitor  the  effects  of  man's  actions  in  the  more  fragile  parts  of  the 
country;  of  the  mitigating  and  preventive  actions  available  to  land 
managers  and  the  progress  made  in  combating  desertification. 

The  report  provides  a  holistic  view  of  the  actions  and  Interactions  which 
can  lead  to  desertification.   Thus,  it  Includes  summary  information  on 
component  elements  of  the  resource  base  drawn  from  more  detailed  and 
authoritative  sources  such  as  the  Department  of  Agriculture's  appraisals 
of  soil  condiuions.   It  has  not  been  possible  to  precisely  measure,  map, 
or  categorize  relative  degrees  of  desertification  in  the  regions  of  the 
United  States;  a  principal  finding  is  that  the  resource  data  base  for  the 
United  States  on  which  such  determinations  can  be  done  has  not  been 
assembled,  although  the  tools  for  accomplishing  an  overall  inventory  and 
subsequent  periodic  monitoring  do  exist  and  are  Identified. 

The  natural  background  or  setting  for  the  desertification  assessment  is 
the  "dry  domain,"  or  region  of  net  deficiency  extending  over  the  greater 
part  of  the  United  States  west  of  the  100th  meridian.   The  characteris- 
tics of  the  ecoregions  are  determined  by  unique  combinations  of  climate, 
geology,  topography,  soils,  vegetation,  and  animal  life. 
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The  present  land  uses  in  the  West  reflect  the  historical  background,  the 
phenomenal  westward  movement  of  the  American  nation,  the  development  of 
modern  means  of  production,  and  the  accelerated  growth  of  urban  centers. 
Beneficial  production  and  land  management  practices  that  developed  based 
on  experiences  are  described.   Degradation  of  natural  resources,  where  it 
occurred,  generally  reflects  insufficient  knowledge  or  failure  to  adopt 
suitable  practices  and  safeguards  which  fully  recognize  the  soil,  site, 
and  climate  limitations. 

Processes  that  contribute  to  desertification  and  its  effects  can  be 
considered  in  three  general  groups:  (1)  biological  resources;  (2)  soils; 
and  (3)  water.   The  changes  in  the  amount  and  quality  of  vegetation, 
erosion,  salinization,  nutrient  loss,  crusting,  and  soil  compaction  are 
principal  examples  of  manifestations.   These  in  turn  can  be  characterized 
in  ways  which  provide  indicators  useful  in  detecting  evidence  of 
desertification  and  in  calculating  trends  in  the  general  condition  of  the 
resource  base. 

Desertification  can  only  be  understood  and  approached  as  a  dynamic 
process.   Many  factors  are  operating  simultaneously,  depending  on  each 
other,  and  feeding  back  into  the  system.   The  subtle  changes  in  an  arid 
land  ecosystem  are  difficult  to  use  for  trend  identification  and  can  have 
several  consequences  and  ramifications,  good  and  bad.   A  good 
understanding  of  the  natural  ecosystem  characteristics  and  of  the 
development  potential  requires  a  better  knowledge  of  feedback  mechanisms, 
the  identification  of  competitors  for  available  resources,  and  the 
consideration  of  social  and  economic  opportunities,  demands,  and 
constraints. 

Data  gathering,  analysis,  and  reporting  are  essential  steps  in 
determining  the  location  and  extent  of  desertification,  where  it  exists. 
Identifying  and  measuring  the  recuperation  or  deterioration  trends  and 
potential  is  important  as  well,  so  as  to  predict  and  determine  the 
success  or  failure  of  management  plans  and  conservation  programs. 
Available  inventorying  and  monitoring  systems,  their  capabilities  and 
limits;  the  kind  of  desertification  indicators  that  are  or  could  be 
measured;  the  need  for  the  integration  of  existing  data,  methods,  and 
programs;  and  the  potential  use  of  remote  sensing  in  determining 
long-term  upward  or  downward  trends  are  discussed. 

Available  procedures  for  the  conservation  of  natural  resources  and 
control  of  desertification,  existing  programs,  and  institutions  capable 
of  and  responsible  for  implementing  these  programs  are  briefly  presented. 

A  considerable  body  of  research  results  on  the  conservation  of  the  dry 
domain  renewable  resources  has  been  obtained,  especially  in  the  last 
fifty  years.   Application  of  some  of  these  results  have  helped  in  the 
recuperation  of  some  affected  areas  and  provides  the  means  for  better 
management  where  used.   Many  unknowns  still  exist  which,  once  uncovered, 
can  influence  and  enhance  the  quality  of  life  in  arid  regions.   Ftiture 
research  must  be  aimed  at  cost-effective  practices  and  at  providing 
sufficient  knowledge  to  make  possible  improved  or  alternative  approaches 
to  wise  land-use  decisions.   In  particular,  arid  zone  interdisciplinary 
research  is  called  for,  as  well  as  the  integration  of  programs  and 
capabilities. 
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A  summary  of  views  expressed  by  local  and  state  institutions  and 
Individuals  describes  the  perceived  environmental  transformations,  the 
causes  and  effects  of  these  changes,  the  effectiveness  of  programs  and 
practices  to  cope  with  these  transformations,  and  the  pressures  exercised 
by  external  and  local  demands  on  Western  resources.   The  overriding  • 
concern  was  with  the  magnitude  and  pace  of  the  environmental,  economic, 
and  social  changes. 

Three  compelling  reasons  for  carrying  out  national  assessments  of  the 
status  of  desertification  are:  (1)  greater  scientific  understanding;  (2) 
Increased  public  awareness;  and  (3)  the  ability  and  will  to  take 
responsible  action.   The  desertification  problem  Is  multldisclpllnary  In 
scope  and  generally  multljurlsdlctlonal  In  extent.   Better  understanding 
of  the  total  Impact  of  human  and  resource  Interaction  In  the  dry  areas  of 
the  country  will  lead  to  Improved  methods  for  combating  desertification 
and  strengthening  the  resource  base  of  the  Nation. 
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Section  II;  Desertification  In  the  United  States 

A.  Introduction 

1.  Definition  of  Desertification 

Desertification  has  been  defined  for  this  assessment  as 

the  sustained  decline  and/or  destruction  of  the  biological 
productivity  of  arid  and  seralarld  lands  caused  by  manmade 
stresses,  sometimes  In  conjunction  with  natural  extreme  events. 
Such  stresses.  If  continued  or  unchecked,  over  the  long  term 
may  lead  to  ecological  degradation  and  ultimately  to 
desert-like  conditions. 

Biological  productivity  refers  to  the  naturally-occurring  plant  and 
animal  life,  as  well  as  to  the  agricultural  productivity  of  a  given 
area. 

The  concept  of  "desertification"  was  first  discussed  In  1949  by 
Aubrevllle.   In  the  1960's  It , was  used  to  describe  the  northward 
advance  of  the  Sahara  Desert  In  Algeria  and  Tunisia  and  the 
apparent  southward  extension  of  the  Sahara  In  the  West  African 
Sahel  region  observed  during  that  decade.   Although  the  term 
describing  human-Induced  barrenness  of  the  land  Is  relatively  new 
to  our  vocabulary,  the  effects  of  desertification  are  not.   As 
early  as  approximately  500-300  B.C.,  a  Greek  writer  referred  to  the 
erosion  and  ruin  of  once-fertile  lands  along  the  coast  of  Turkey. 
The  Seistan  Desert  (Iran  and  Afghanistan)  was,  until  the  15th 
century,  called  the  "granary  of  the  East,"  and  accounts  of 
Alexander's  advances  Into  India  describe  virgin  forests  where  now 
only  deserts  can  be  found.   Some  two  thousand  years  before  the 
present,  the  center  of  the  Thar  Desert  In  India  was  a  jungle 
(Cloudsley  -  Thompson,  1977). 

There  are  numerous  accounts  written  since  of  famines  and  widespread 

migrations  of  peoples  when  lands  forced  to  produce  beyond  their 

natural  potential  deteriorated  Into  a  condition  In  which  they  could 

produce  no  longer.   More  recently,  near  the  end  of  World  War  II, 

the  hills  near  Athens,  Greece  were  stripped  of  the  existing  trees 

for  firewood  during  an  unusually  cold  winter.   The  high  erosion  of 
the  denuded  soil  can  be  observed  today. 

The  age  of  the  problem,  unfortunately,  has  not  brought  the  wisdom 
to  understand  all  the  causes  and  prevention  of  desertification.   As 
recently  as  the  period  1968  to  1973,  thousands  of  people  and 
animals  starved  as  the  effects  of  the  Sahel  drought  in  West  Africa 
were  accented  by  past  unwise  management  of  the  land. 
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2.   History  of  the  Project 

The  magnitude  of  the  Sahel  tragedy  brought  worldwide  recognition  of 
the  increasing  risk  of  desertification,  and  the  United  Nations 
called  for  a  Conference  on  Desertification  to  be  held  in  Nairobi  in 
1977.   In  hopes  of  filling  some  of  the  known  research  gaps  in  the 
knowledge  about  desertification,  a  number  of  special  studies  and 
workshops  preceded  and  followed  the  international  conference  in 
Nairobi.   The  United  States  made  major  contributions  to  the  study 
through  provision  of  technical  advice  and  active  participation. 

A  greater  appreciation  of  the  complexity  of  the  process,  and  an 
awareness  of  how  much  further  research  is  needed  about  the  subject 
of  desertification  also  resulted.   The  96  countries  represented  at 
the  Nairobi  conference  jointly  agreed  to  prepare  national  plans  of 
action  to  combat  desertification,  and  to  share  results  of  their 
individual  research.   It  was  recognized  then  as  now  that  social, 
economic,  and  political  factors  vary  greatly  between  countries  and 
that  human  response  will  vary  greatly  according  to  local 
conditions. 

The  United  States,  as  with  other  more  developed  countries  such  as 
Israel,  has  an  excellent  governraentally  subsidized  research  system 
with  which  to  study  problems  as  they  become  obvious.   The 
"third-world"  or  developing  countries  face  a  lack  of  established 
on-site  research  and  monitoring  capability  as  well  as  an 
accumulated  data  base  for  comparison  use  to  establish  trends.   In 
addition,  the  U.S.  arid  and  semi-arid  lands,  while  increasing 
dramatically  in  population,  have  not  faced  the  history  of 
overpopulation  as  have  countries  in  which  overpopulation  has  led  to 
tremendous  pressures  on  the  natural  resources.   Land  denudation  of 
firewood  for  fuel  and  cooking  is  a  major  cause  of  desertification 
in  some  countries,  but  it  has  not  historically  been  significant  in 
the  western  United  States. 

Cultural  differences  are  also  important.   Overgrazing  in  the  United 
States  occurred  previous  to  the  1930's,  but  it  has  since  been 
largely  controlled  due  to  regulatory  control  and  better  grazing 
management  systems  by  livestock  producers.   However,  in  countries 
where  the  killing  of  virtually  any  livestock  is  precluded  because 
of  cultural  status  attachment  or  religious  beliefs,  overgrazing 
continues  to  be  a  problem  for  which  lack  of  technology,  knowledge, 
or  equlpnent  is  not  the  solution. 

Nevertheless,  U.  S.  policy  supports  international  efforts  to  deal 
with  some  of  the  effects  of  desertification  through  several 
agencies'  programs.   The  stability  of  governments  is  increasingly 
seen  to  depend  not  only  on  providing  relief  when  need  arises,  but 
also  in  promoting  sound  land  management  to  achieve  better  and 
sustained  productivity.   These  cooperative  activities  are  of  great 
importance  to  our  nation  since  the  global  supply  and  demand  for 
food,  forage,  and  fiber  may  determine  the  changes  in  the  acreage  of 
U.  S.  lands  put  under  agriculture. 
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Following  the  1977  United  Nations  Desertification  Conference,  the 
Department  of  State  established  an  Interagency  Task  Force  on 
Desertification  In  which  the  Departments  of  Agriculture  and 
Interior,  among  others,  participated  actively.   In  late  1978,  It 
was  agreed  that  a  report-survey  on  desertification  In  the  United 
States  should  be  prepared. 

It  was  also  agreed  that  the  role  of  the  Department  of  the  Interior 
would  be  to  lead  the  Interagency  study  and  overview  of  arid  land 
problems  and  solutions,  and  relate  It  to  the  subject  defined  at  the 
Nairobi  Conference  as  "desertification."  The  Office  of  the 
Secretary  determined  that  the  Bureau  of  Land  Management  should 
provide  principal  support  In  view  of  Its  responsibility  for 
managing  large  areas  of  public  land  under  the  multiple-use  concept. 
The  actual  starting  point  In  preparing  the  required  report  on 
desertification  In  the  United  States  was  In  April  1979.   A  network 
of  contacts  was  created  to  gather  information  and  perform  review. 
Represented  were  the  public  and  private  sectors,  various  levels  of 
government,  scientific  and  technical  communities,  and  many  Interest 
groups.   Each  of  the  seventeen  Great  Plains  and  Western  States  were 
advised  of  the  scope  of  this  effort,  and  a  request  was  made  to  the 
governors  of  these  States  to  designate  liaison  persons  to  this 
project.   In  addition.  Regional  Commissions,  Federal  and  State 
agency  personnel,  professional  and  producer  societies,  and 
Interested  parties  were  brought  together  to  form  a  Task  Force  and  a 
Steering  Group  to  provide  guidance  to  this  endeavor. 

The  project  has  worked  closely  with  its  Mexican  counterpart. 
Beginning  as  early  as  1972,  there  has  been  United  States — Mexico 
cooperation  in  the  study  of  new  crops,  arid  lands,  agricultural 
productivity,  and  with  most  direct  concern,  desertification  and  the 
management  of  arid  and  semi-arid  lands.   There  have  been  four 
annual  bilateral  meetings  beginning  in  1978,  in  which  both 
countries  have  made  recommendations,  agreed  to  support 
corresponding  research  and  monitoring  projects,  and  have  been  kept 
appraised  of  relevant  meetings  and  topics. 

It  should  be  noted  that  all  the  material  used  In  this  assessment 
was  in  prior  existence,  but  unaggregated;  it  was  provided  to  the 
Desertification  in  the  U.  S.  project  by  people,  institutions,  and 
agencies  with  direct  responsibilities  for,  and/or  knowledge  of,  the 
management  of  renewable  natural  resources  in  the  dry  domain. 

3.   Background 

The  word  desertification  has  been — and  still  Is — used  by  many 
authors  to  describe  degradation  of  various  types  and  forms  of 
vegetation.  Including  the  subhumid  and  humid  forest  areas, 
which  has  nothing  to  do  with  deserts  either  physically  or 
biologically  (Le  Houerou,  1975). 
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But  during  the  1977  Nairobi  Conference  the  definition  adopted 
limited  the  discussions  to  the  spread  of  desert-like  conditions  in 
arid  and  semiarid  areas,  with  rainfall  up  to  600  mm  only.   It  was 
considered  that  these  are  the  areas  at  higher  risk  of  becoming 
desertified.   It  is  important  to  note  that  one-third  of  the  total 
land  area  of  the  world  is  dry,  and  that  many  activities — of  all 
kinds — occur  there. 

The  climate  of  the  world's  dry  biomes  can  be  harsh,  and  the 
difficulties  of  wresting  a  livelihood  from  their  resources  may  be 
harsher  still.   And  yet,  although  these  regions  are  still 
relatively  sparsely  populated,  they  are  the  homelands  of  14  percent 
of  the  world's  population,  or  628  million  people,  and  the  number  is 
increasing.   Fifteen  percent  of  these,  or  about  95  million  people, 
are  settled  in  the  extremely  arid  regions. 

Inhabitants  of  this  dry  domain  have  constantly  sought  ways  to 
control  and  modify  the  environmemt  to  procure  food,  fiber,  shelter, 
and  amenities  necessary  for  their  existence.   In  so  doing,  the 
resource  base  has  been  manipulated,  sometimes  for  the  better,  but 
sometimes  also  for  the  worse,  as  the  stresses  imposed  have  been  too 
much  for  the  land  to  withstand. 

Aridity  is  the  permanent  climatic  feature  of  regions  with  low 
average  rainfall,  low  humidity,  high  climatic  variations,  high 
winds,  high  solar  radiation  incomes,  extreme  temperature 
variations,  and  unpredictable  precipitation  patterns  (in  time  and 
space).   In  arid  and  semiarid  lands  the  existing  systems  have 
evolved  mechanisms  at  various  levels  of  production  that  allow  them 
to  survive  the  very  harsh  conditions,  extreme  events  such  as 
droughts,  the  possible  desslcatlon  due  to  secular  climatic  changes, 
and  the  natural,  gradual  weathering  of  soils.   The  changes  brought 
about  by  shifts  in  climate  occur  at  such  a  slow  rate  that,  even 
acknowledging  their  probability,  they  are  of  marginal  concern  to 
the  present  assessment. 

A  clear  distinction  must  be  made  between  natural  and  manmade  events 
that  may  affect  an  arid  or  semiarid  region  (Figure  1).   One  natural 
extreme  event  that  may  trigger  or  intensify  desertification  is 
drought.   Drought  is  a  random  phenomenon  and  a  temporary  feature  of 
the  climate  during  which  rainfall  deviates  appreciably  below 
normal.   Characteristically,  it  temporarily  affects  the 
hydrological  system  and  the  renewable  resource  base;  it  is 
generally  coped  with  by  short-term,  crisis-responsive  remedial 
measures;  and  the  biota,  if  not  under  other  extraneous  stresses, 
possess  appropriate  recovery  mechanisms.   Characteristics  of 
desertification,  on  the  other  hand  are  that:   it  is  not  a  climatic 
feature;  once  established  it  may  be  a  permanent  condition;  it 
occurs  even  when  rainfall  is  above  normal  or  when  water  has  been 
made  artificially  available  in  a  water-short  area;  it  follows 
definite  patterns;  it  may  irreversibly  affect  the  hydrologic  system 
and  the  renewable  resource  base;  the  effects  are  long-lasting,  and 
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remedial  and  adaptive  measures  are  in  general  long-term,  costly, 
and  sometimes  drastic;  and  finally,  the  affected  biota  have  few  or 
no  mechanisms  to  recover  from  it. 

The  Impact  of  humans  on  the  "drying-up"  of  environments  is 
Indicated,  at  least  in  magnitude,  by  comparing  data  collected  in 
1882  and  1952.   In  those  170  years  inaccessible  forests  throughout 
the  world  declined  from  43.9%  to  21.1%  of  the  total  terrestrial 
area,  while  deserts  and  wastelands  increased  from  9.4%  to  23.3% 
(Ehrlich  and  Ehrlich,  1972). 


Deserts  themselves  are  not  the  sources  from  which  desertification 
springs.   Except  for  hot  winds,  the  deserts  supply  none  of  the 
essential  forces  for  the  processes  described.   Desertification 
breaks  out,  usually  at  times  of  drought  stress,  in  areas  of 
naturally  vulnerable  land  subject  to  the  pressures  of  land  use. 
These  degraded  patches  link  up  to  carry  the  process  over  extended 
areas.   As  the  patchwork  grows,  it  can  eventually  join  with  the 
climatic  desert,  and  the  final  result  will  look  exactly  as  if  the 
desert  itself  had  spread.   The  deserts  extended  in  this  way  form 
wastelands  over  areas  that  from  a  strictly  climatic  point  of  view 
should  not  be  entirely  desert.   It  is  generally  incorrect  to 
envision  the  process  as  only  an  advance  of  the  desert  borders 
engulfing  usable  land;  the  advancing  sand  dune  is  in  fact  a  very 
special  and  localized  case  and  a  popular  misconception  of 
desertification. 

To  the  extent  that  desertification  contains  self-reinforcing 
elements,  its  effects  may  extend  outward  through  a  whole  system  of 
climatic  and  land-use  belts.   As  arid  pastureland  turns  into 
complete  desert,  neighboring  semiarid  land  once  suitable  for 
rainfed  cropping  may  deteriorate  into  arid  pasture.   But  since  the 
process  does  not  spring  from  the  desert  cores,  it  need  not  always 
work  outwards,  and  the  semiarid  or  subhumid  cropland  may  be  the 
first  to  deteriorate  to  desert  status. 

In  its  initial  stages,  desertification  may  merely  involve  a  shift 
to  a  less  productive  ecosystem  with  water,  energy,  and  nutritional 
balances  less  favorable  to  plant  growth  than  before.   As  the 
situation  worsens,  the  costs  for  controlling  the  process  increase. 
The  importance  of  desertification  may  be  realized  when  the  value  of 
the  losses  produced  by  it  are  computed.   For  example,  it  has  been 
estimated  that  it  would  cost  $4  billion  per  year  to  replace  the 
nitrogen  and  phosphorus  nutrients  lost  to  erosion  (NRC,  1976). 
It  is  also  essential  to  consider  that  during  the  last  100  years  the 
world  has  lost  25%  of  its  soils  to  erosion,  and  200  to  300 
thousand  hectares  of  arable  land  are  lost  to  salinization  and 
waterlogging  yearly.   Desertification  may  cost  up  to  $16  billion 
annually  in  lost  agriculture  production,  of  which  almost  $7  billion 
can  be  attributed  to  range  and  pastureland  deterioration  (Aspen 
Institute,  1978). 
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A.   Purpose  of  Assessment 

The  main  purpose  of  this  study  Is  to  provide  a  holistic  overview  of 
the  trends  In  land  quality  changes  brought  about  principally  by 
human  Intervention  In  the  U,  S.  dry  domain.   This  assessment  Is  the 
first  Intergovernmental  and  multldlsclpllnary  effort  aimed  at 
broadly  assessing  the  extent  to  which  desertification  has  or  Is 
occurring  In  the  seventeen  Western  States,  and  to  describe  current 
efforts  to  arrest  and  prevent  It.   The  document  draws  heavily  on 
available,  reliable,  and  accepted  Information  on  desertification 
which  has  been  summarized;  a  preliminary  analysis  of  the  current 
situation  is  presented.   Throughout  this  assessment,  one  aim  has 
been  to  identify  information  and  data  required  to  adequately 
describe  and  locate  present  or  potential  high-risk  areas,  and  to 
draw  inferences  on  research  needs  which  may  not  have  been 
adequately  addressed. 

Discussions  of  the  natural  setting  of  the  concerned  locale, 
desertification  processes  and  manifestations,  methods  of  measuring 
it,  and  the  procedures,  capabilities,  and  programs  available  to 
combat  the  process  are  presented. 

The  focus  of  this  assessment  is  on  desertification  induced  by  human 
activity,  where  the  rate  of  change  may  be  rapid,  and  where  the 
resilience  of  the  natural  systems  and  the  quality  of  the  resource 
base  may  be  diminished  or  wasted.   Although  considerable  and 
detailed  data  exist  for  the  specific  conditions  of  the  resource 
base  (soil,  water,  vegetation,  air  quality,  wildlife,  crops, 
livestock,  etc.)  the  total  impact  of  human  activity  on  the  dry 
systems  need  to  be  understood  and  measured.   As  more  people  put 
greater  demands  on  decreasing  land  resources,  a  thorough 
understanding  of  these  impacts  becomes  increasingly  Important.   The 
broad  locale  for  this  study  covers  the  arid  and  semiarld  regions  of 
the  17  Great  Plains  and  Western  States  where  annual  losses  of  water 
exceed  annual  water  gains  and  considers  all  types  of  lands 
regardless  of  ownership.   See  figure  2,  in  which  the  States  are 
also  Included  in  a  regional  classification  generally  accepted  and 
used  by  officials  and  specialists. 

B.   Natural  Background 

The  deserts  of  the  world  have  predictable  locations.   Those  with 
the  highest  temperatures  lie  between  about  20  and  35  degrees  north 
and  south  latitude.   They  also  occur  on  the  leeward  sides  of 
mountain  ranges  and  cold  ocean  currents.   In  contrast,  the  windward 
sides  of  mountains  and  the  leeward  sides  of  warm  ocean  currents  may 
be  areas  of  Increased  precipitation  regardless  of  their  latitudinal 
positions.  Thus,  deserts  are  generally  zonal  in  their  occurrence. 
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but  may  vary  In  position  due  to  the  disruption  of  meteorological 
pattern  by  landforns  and  ocean  currents.   (For  description  of 
geographical  regions,  see  Appendix  D.) 

1.  Climate 

In  the  United  States  the  southern-most  States  lie  in  latitudes 
associated  with  desert  formation;  the  climate  of  the  States  east  of 
the  Mississippi  River  however,  is  modified  by  the  Gulf  of  Mexico, 
which  provides  abundant  moisture.   The  precipitation  pattern  of  the 
Westen  States,  on  the  other  hand,  is  greatly  modified  by  mountain 
ranges.   The  coast  ranges  (the  Cascade,  Wasatch,  and  Rocky  Mountain 
systems  together  with  the  lesser  mountain  ranges  in  the  Basin  and 
Range  Province  )  all  influence  precipitation.   As  a  result,  there 
is  a  general  tendency  for  precipitation  to  increase  from  south  to 
north  in  the  West,  and  for  the  rainfall  to  increase  with  elevation. 
Rainfall  on  the  eastern  sides  of  mountains,  however,  tends  to  be 
less  than  that  on  the  west.   Rainfall  patterns  are  variable. 

Along  the  West  Coast  precipitation  occurs  during  the  winter  and 
early  spring.   A  similar  winter- spring  maximum  prevails  across  the 
middle  and  northern  States  as  far  as  the  Rocky  Mountains.   East  of 
the  Rocky  Mountains  the  maximum  seasonal  precipitation  occurs 
during  the  spring  and  summer.   In  the  arid  regions  of  Arizona  and 
southern  Utah  there  are  two  seasons  of  precipitation:   December  to 
April  and  July  through  September,  with  the  summer  season  providing 
the  largest  amount.   In  contrast,  the  New  Mexico  maximum  tends  to 
be  in  the  spring  and  summer.   East  of  the  Rocky  Mountains  the 
influence  of  the  Gulf  of  Mexico  is  such  that  lines  of  equal 
precipitation  run  north  and  south  and  show  an  increase  in 
precipitation  in  an  easterly  direction.   Finally,  moving  to  the 
north,  while  at  the  same  time  rising  in  elevation,  the 
winter-spring  precipitation  tends  toward  snow,  and  temperatures 
decrease  as  do  evaporation  rates.   Thus,  in  general,  precipitation 
is  more  effective  in  these  regions. 

The  net  result  is  that  the  lowest  amounts  of  precipitation  in  the 
United  States  (from  2  to  3  inches  -  51  to  76  mm)   are  in  the  low 
valleys  to  the  east  of  the  Sierra  Nevada  in  California,  Nevada,  and 
western  Arizona.   Moving  eastward  through  the  Basin  and  Range 
(physiographic)  Province,  precipitation  increases  to  about  6  inches 
(152  mm)  in  the  valleys  in  southern  New  Mexico.   The  minimum  valley 
precipitation  for  Utah  is  about  6  inches  (152  mm)  as  well.   Every 
State  west  of  the  100th  meridian  has  areas  with  greater  than  20 
inches  (508  mm)  of  precipitation.   Between  the  Sierra  Nevada  and 
the  Rocky  Mountains  these  areas  are  found  in  the  mountains. 
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Precipitation  of  local  Importance  cooes  from  tropical  cyclones  or 
low  pressure  centers  which  break  upon  the  west  coast  of  Mexico  and 
may  reach  the  Colorado  Plateau.  These  storms  travel  Inland  along 
the  valleys  of  the  Ba^ln  and  Range  Province. 

Practically  all  of  the  desert  areas  have  temperatures  that  reach  at 
least  10S*F  (40.6'C).  The  low  temperatures  of  the  Intermountaln 
region  are  less  than  those  of  the  Great  Plains  for  the  same 
latitude.  Freezing  temperatures  are  found  everywhere  in  the 
region;  however,  their  frequency  is  highly  variable.  In  addition, 
the  number  of  days  between  killing  frosts  decreases  from  south  to 
north  and  with  elevation. 

The  temporal  and  spatial  variations  of  climate  of  the  American 
deserts  are  very  great.  The  weighted  mean  annual  precipitation  of 
the  United  States  east  of  the  Mississippi  is  about  43.5  inches 
(1,100  mm).  The  maximum  departure  from  this  mean  of  the  moving 
10-year  weighted  average  precipitation  is  about  ^2  percent.  The 
weighted  mean  annual  precipitation  of  the  area  between  the  Rocky 
Mountains  and  the  Mississippi  River  (including  Montana)  is  about  28 
inches  (700  mm). 

In  this  case,  the  10-year  moving  average  ranges  from  about  108 
percent  to  92  percent  of  this  mean.  The  same  comparisons  for  the 
area  between  the  Pacific  Coast  and  the  Rocky  Mountains  show  means 
of  about  18  inches  (430  mm)  and  variations  of  about  110  percent  to 
92  percent  of  the  10-year  moving  average. 

In  the  true  desert  areas,  annual  precipitation  for  a  given  point 
may  vary  from  more  than  twice  to  one-fifth  the  annual  mean. 
Spatial  variations  are  also  very  great.  A  difference  of  10  Inches 
of  precipitation  may  be  observed  in  less  than  10  miles  as  a  result 
of  differences  in  elevation.  Windward  slopes  receive  more 
precipitation  than  leeward  slopes.  Because  topography  affects 
thunderstorm  activity,  large  variations  in  the  amount  and  Intensity 
of  precipitation  can  also  occur  over  short  distances  in  the 
summertime. 

Thus  variation  in  precipitation  and  temperature  is  a  characteristic 
of  the  "American  Deserts."  Permutations  and  combinations  of  these 
variations  are  directly  related  to  many  problems  associated  with 
human  activities  in  such  arid  zones.  However,  our  ability  to 
discern  this  association  is  obscured  by  our  period  of  observation 
of  these  phenomena,  which  is  limited  to  about  100  years.  The  only 
certainty  in  this  short  record  is  that  new  extremes  continue  to  be 
set;  hence  there  is  little  assurance  that  the  frequency  and 
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magnitude  of  favorable  and  unfavorable  combinations  of  weather  have 
been  established.   (See  Appendix  F  for  further  discussion  of 
climate.) 

2.  Geology  and  Soils 

The  dry  domain  In  the  United  States  occupies  all  of  the  Basin  and 
Range,  Colorado  Plateau,  and  Wyoming  Basin  (physiographic) 
Provinces;  the  western  part  of  the  Great  Plains  Province;  part  of 
the  Columbia  Plateau  Province;  the  lower  elevations  of  the  Rocky 
Mountain  Province;  the  southern  part  of  the  Central  Valley  of 
California;  and  the  southern  portion  of  the  Pacific  Coast  Province. 
The  first  and  last  three  of  these  provinces  are  essentially  groups 
of  long  mountain  ranges  separated  by  valleys  whose  streams  may  or 
may  not  flow  into  an  Interior  basin.   They  are  all  warm  and 
temperate  deserts  and  semldeserts.   The  other  provinces  are 
underlain  by  relatively  flat-lying  rocks  of  a  sedimentary  and 
volcanic  origin. 

The  productivity  of  the  soils  developed  on  the  sedimentary  rocks 
varies  greatly.  (Soils  are  also  discussed  in  Appendix  G.)  Many 
shales  are  relatively  saline,  containing  sodium  salts.  The  soil 
particles  of  such  soils  are  dispersed. 

Consequently  many  areas  are  naturally  relatively  infertile.   In 
addition,  many  of  the  sedimentary  formations  are  easily  erodible, 
resulting  in  high  sediment  loads  transported  by  streams.   Sequences 
of  sedimentary  formations  also  have  an  impact  on  stream  behavior. 
Areas  of  hard  rock  lying  above  shales,  for  example,  produce 
relatively  high  discharges  on  the  valley  bottoms.   Less  porous  rock 
surfaces  also  retard  water  absorption  resulting  in  concentrated 
runoff  of  surface  water,  which  In  turn  may  also  lead  to  increased 
channel  erosion. 

The  complexity  of  dry  regions  in  the  United  States  is  demonstrated 
by  the  Basin  and  Range  Province  which  extends  from  Oregon  to 
Arizona  and  New  Mexico.   Geologically  the  Basin  and  Range  Province 
is  a  series  of  fault  blocks  which  have  been  eroded  into  mountainous 
segments,  with  debris  deposited  in  the  adjacent  valleys.   Prominent 
mountain  blocks  are  elongated  and  run  in  a  general  north-south 
direction. 

The  debris  derived  from  these  mountains  originates  through  the 
effects  of  temperature  variation  and  wind  action.   The  size  of  the 
debris  diminishes  downhill  so  that  the  material  that  reaches  those 
parts  of  the  valley  with  the  lowest  slope  is  very  fine.   The 
characteristics  of  the  debris  on  the  intervening  slopes  depend  upon 
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precipitation  and  temperature.  'In  other  areas  the  debris  nay  be  a 
simple  mixture  of  sizes*   In  either  case  the  fine  material  on  the 
surface  tends  to  be  blown  or  washed  away,  leaving  an  exposed  layer 
of  coarser  material  know  as  an  erosion  pavement. 

Given  an  Intermediate  amount  of  precipitation,  a  residual  soil  may 
be  developed  In  the  upper  layers  of  these  fine  deposits.  The 
drainage  network  of  the  Basin  and  Range  Is  usually  represented  by  a 
series  of  small  streams  entering  a  linear  system.  The 
discontinuous  nature  of  the  precipitation  Is  such  that  water  rarely 
Is  contributed  by  all  of  the  small  basins  at  any  one  time.  Thus, 
the  debris  contributed  to  the  major  dralnageway  Is  highly  variable 
In  size.   Although  most  of  the  debris  deposited  In  the  main  valley 
Is  small  In  size,  there  Is  always  enough  local  coarse  material  for 
some  of  the  runoff  to  move  tjnderground  as  groundwater.  Groundwater 
quality  may  be  highly  variable,  being  dependent  on  the  quality  of 
the  valley  alluvium. 

Erosion  of  the  mountain  slopes  and  deposition  on  the  valley  floors 
Is  a  natural  geologic  process.  However,  because  the  deposition 
from  the  side  slopes  Is  concentrated  by  tributaries  at  Irregular 
Intervals  on  the  valley  floor,  the  slope  of  the  main  stream  Is  not 
uniform.  Areas  of  excessive  deposition  have  over-steepened  slopes 
%fhlch,  under  high  discharges,  are  unstable.  Frequently  valleys 
have  local  steep  areas  of  erosion  marked  by  discontinuous  gullies. 
If  these  gullies  become  connected  with  a  continuous  channel,  the 
process  Is  extremely  difficult  to  reverse.  No  activity  that 
Inhibits  the  movement  of  sediment  can  cause  a  gully  to  refill 
downstream. 

Variability  Is  the  main  characteristic  In  the  Basin  and  Range 
Province.  Infiltration  rates  by  runoff  are  extremely  variable. 
Rates  are  nil  on  solid  rock,  low  on  deposits  of  very  fine  material, 
and  high  In  mixtures  with  coarse  material.  The  relationships  of 
the  small  basins  to  the  main  stream  are  also  highly  variable.  Some 
contribute  to  the  major  drainage,  while  others  spread  on  the  valley 
floor,  sometimes  forming  alluvial  fans.  In  other  instances,  water 
may  not  even  be  contributed  to  a  stream  system* 

From  a  geological  perspective,  t«K>  conclusions  are  Important. 
First,  that  the  natural  climatic  cycles  of  wet/dry  precipitation 
periods  dwarf  the  fluctuations  known  in  human  recorded  history. 
Secondly,  that  the  dry  areas  of  western  North  America  are 
relatively  young,  roughly  one-fourth  the  age  of  other  dry  regions 
of  the  world.  These  conclusions  have  a  direct  relationship  to  the 
diversity  of  flora  and  fauna  nature  to  our  arid  regions,  as  well  as 
man's  role  or  influence  in  the  desertification  process. 
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3.  Vegetation 

Many  plants  have  particular  growth  requirements  in  arid  zones. 
Among  these  are  seasonal  moisture,  temperature,  and  exposure  for 
germination  to  occur.   To  continue  growth,  conditions  must  be 
favorable  throughout  the  growing  season.  After  the  first  year,  a 
perennial  plant  has  built  up  a  food  reserve  that  permits  survival 
under  adverse  conditions.   Continued  unfavorable  conditions, 
however,  will  eventually  result  in  plant  disappearance. 

Vegetation  in  drylands  may  be  divided  into  three  general  types: 
1.)  plants  that  are  dependent  on  local  precipitation  alone;  2.) 
vegetation  dependent  on  local  rain  accummulated  in  depressions  and 
drainage  courses;  and  3.)  plants  that  depend  on  sources  outside  the 
system,  e.g.  ,  irrigation  or  rivers  or  lakes  fed  by  rainfall 
elsewhere  (Cloudsley-Thompson,  1977). 

Arid  lands  plants  are  adjusted  to  climatic  conditions  by  having 
structures  that  minimize  transpiration  and  a  skin  that  resists 
damage  by  windblown  sand.  As  precipitation  increases,  the  leaf 
area  in  succulent  plants  increases  in  size  as  water  is  stored. 
Where  winter  and  spring  precipitation  is  dominant,  the  vegetation 
tends  toward  shrubs  and  trees.   In  areas  of  summer  precipitation, 
the  tendency  is  toward  grass.  With  low  precipitation,  either 
winter  or  summer,  the  bulk  of  the  vegetative  cover  consists  of 
annual  plants  with  rapid  life/reproductive  cycle. 

In  the  range  alone,  an  array  of  54  ecosystems  can  be  found  formed 
by  grasslands,  shrublands,  and  coniferous  and  deciduous  forests. 
In  the  Pacific  Coast  area,  the  rangeland  ecosystems  are 
characterized  by  annual  grasses,  bunchgrasses,  sagebrush, 
chaparral,  and  mountain  meadows  while  the  forests  are  primarily 
coniferous.   The  arid  and  semiarid  ranges  of  the  Southwest  and  the 
Interraountain  Great  Basin  area  are  dominated  by  a  complex  of 
bunchgrasses,  annual  grasses,  cacti,  salt-tolerant  shrubs, 
sagebrush,  pi nyon- juniper,  and  chaparral.   A  mosaic  of  sagebrush, 
grasslands,  meadows,  aspen,  and  conifers  makes  up  the  rangelands 
and  forests  of  the  Rocky  Mountains.   East  of  the  Rockies  are  the 
Great  Plains  ecosystems  characterized  by  short  grasses  and 
midgrasses  and  low  shrubs  on  the  western  part  of  the  plains,  and  by 
tall  grasses,  shrubs,  shinnery,  and  savanna  on  the  eastern  edge. 
East  of  the  95th  meridian,  forest  ecosystems  dominate  the  landscape 
with  only  remnants  of  prairie  and  wet  grasslands  (RPA,  1980).   (For 
further  information  on  vegetation,  see  Appendix  E.) 
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A.   Biological  Change  and  Climate 

Fluctuations  in  wet/dry  cycles  and  corresponding  temperature 
patterns  are  reflected  In  the  dynamics  of  plant  populations. 
Short-term  trends  (seasonal  to  as  much  as  a  decade)  are  generally 
expressed  In  the  survival  of  Individuals  of  a  species  or  the 
reproductive  success  of  a  species*  population.   Long-term  trends 
(scores  of  decades  to  centuries)  are  expressed  as  changes  in  the 
geographic  distribution  of  a  population,  which  can  result  in 
changes  in  the  vegetation  type  at  a  location  or  in  the  composition 
of  plant  associations.   All  native  wildlife  of  our  arid  regions 
respond  directly  or  indirectly  to  the  dynamics  of  plant 
distribution  and  abundance.   Aquatic  species  are  obviously  limited 
in  arid  regions  and  represent  an  exception  to  this  generality. 

The  sporadic  availability  and  generally  disjunct  occurrence  of 
surface  water  results  in  both  low  diversity  of  aquatic  animals  and 
the  evolution  of  many  unique  life  forms.   Terrestrial  life  in  the 
"dry  domain"  is  highly  diverse  in  both  plant  and  animal  species. 
At  the  present  time,  only  a  few  large  species  of  animals  actually 
live  under  the  continuous  rigors  of  the  desert  climate  -  man,  his 
domestic  animals,  and  natives  such  as  the  pronghorn  and  desert 
bighorn.   The  vast  majority  of  desert  wildlife  species  are  but  a 
fraction  of  this  physical  size,  and  thus  can  find  living  conditions 
quite  different  from  those  of  the  general  climate  (Schmidt-Nielsen, 
1964).   For  example,  many  bird  species  occupy  desert  areas  only  for 
a  portion  of  the  year,  when  conditions  provide  abundant  food  and 
moderate  temperatures.   These  species  migrate  elsewhere  during  the 
severe  climatic  periods.   Most  small  mammals,  reptiles,  and 
invertebrates  are  full-time  residents,  but  escape  the  stressful 
periods  of  temperature  and  accompanying  restricted  food  and  water 
availability  through  a  variety  of  behavioral  and  physiological 
means  (Bartholomew,  1964).   Most  plant  species  of  arid  regions  show 
a  similar  pattern  of  adaptation.   For  example,  annual  plants 
(forbs,  including  wildf lowers)  only  grow  during  seasonal  periods  of 
moderate  temperatures  and  high  soil  moisture;  most  arid  region 
shrubs  and  trees  respond  similarly. 

Many  woody  plants  have  evolved  mechanisms  for  capturing  and  storing 
moisture  from  the  sporadic  precipitation.   Some  Important  shrubs 
(phreatophytes,  like  mesquite)  have  extensive  tap  roots,  which 
"mine"  groundwater  tables  many  feet  below  the  surface. 

5.   Biological  Diversity  and  Evolutionary  Change 

The  "dry  domain"  of  the  United  States  owes  much  of  its  biological 
diversity  to  topographic  diversity  and  the  consequent  diversity  of 
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micro-clinates.   On  a  broad  regional  scale,  we  find  "islands"  or 
remnant  areas  representing  biological  communities  persisting  from 
prehistoric  periods  of  moister  climates  (Axelrod,  1950).   For 
example,  certain  mountain  tops  in  the  Mojave  Desert  have  relict 
stands  of  forests  (coniferous  trees,  liv^  oak)  that  are  separated 
by  hundreds  of  kilometers  from  similar  current  vegetation  types. 
These  areas  also  support  unique  species  of  wildlife.   Around  water 
or  along  water  courses,  riparian  vegetation  and  accompanying 
wildlife  also  exist  as  islands  or  ribbons.   These  relict  islands 
and  ribbons  are  the  key  to  the  great  diversity  of  wildlife 
utilizing  the  dry  domain.   These  areas  are  also  the  most  sensitive 
to  both  natural  and  artificial  changes  that  lead  to 
desertification. 

The  comparative  youth  of  the  dry  domain  in  this  country 
(Schwarzbach,  1961)  has  a  bearing  on  the  sensitivity  of  wildlife 
and  their  habitats  to  desertification.   A  general  feature  of 
biological  evolution  is  that  species  adaptations  to  a  specific 
environment  will  increase  in  proportion  to  the  geologic  age  of  the 
environment.  In  addition,  species  with  short  life  spans,  or  those 
which  produce  large  numbers'  of  reproductive  units  (seeds  or  eggs), 
will  adapt  more  quickly  to  stressful  environments.   Thus, 
essentially  all  plants  and  invertebrates  that  inhabit  the  dry 
domain  exhibit  some  degree  of  specialized  adaptation  to  desert 
conditions.   However,  due  to  the  relative  youth  of  desert 
conditions,  higher  vertebrates  (birds  and  mammals)  exhibit 
comparatively  few  specializations  to  the  dry  domain  of  the  western 
United  States.   As  an  example,  sub-Saharan  Africa  has  a  number  of 
seed-eating  bird  species  that  can  survive  extended  periods  without 
drinking  water.   The  dry  domain  of  the  United  States  has  evolved 
only  one  such  species,  the  Black-throated  Sparrow  (Smyth  and 
Bartholomew,  1966).   Thus,  it  can  be  suggested  that  any  major 
increase  in  the  rate  of  desertification  whether  natural  or 
man-caused,  will  have  a  relatively  greater  impact  on  higher 
vertebrates  than  on  other  biological  components. 

6.  Ecological  Function 

The  dry  domain  contains  a  wide  variety  of  ecological  systems,  and 
these  arid  ecosystems  have  some  special  structural  and  functional 
properties  which  form  the  basis  for  exploitation  by  both  wildlife 
and  humans.   Primary  productivity  (new  plant  material,  or  biomass, 
generated  each  year)  is  third  highest  among  the  world's  major  land 
biomes,  exceeded  only  by  grasslands  (including  savannas)  and 
tropical  forests  (Kormady,  1969).   Yet  deserts  rank  the  lowest  of 
the  major  biomes  in  accumulation  of  biomass,  and  the  bulk  (91%)  of 
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what  Is  there  Is  unavailable  as  litter  or  below-ground  roots.   In 
addition,  decomposition  in  deserts  recycles  nutrients  for  plant 
growth  very  slowly.   This  underscores  the  fragile  balance  that 
occurs  between  production,  available  harvest,  and  the  recycled 
material  required  for  maintenance  of  productivity. 

(Appendices  D,  E,  and  F  provide  descriptive  geographical  and 
ecological  material  and  further  discussion  on  droughts,  floods, 
albedo,  and  climate  variability  and  changes). 

C.  Historical  Perspective 

Occupancy  and  development  of  the  Western  drylands  attended  by 
cycles  of  drought  and  boom  and  bust  brought  penalties  such  as  soil 
erosion,  overgrazed  ranges  and  overcut  forests,  recurring  floods, 
settlement  of  unsuitable  land,  farmland  abandonment  and  fleeing 
settlers,  and  even  stranded  communities.   The  Dust  Bowl  and 
Depression  of  the  1930 's  brought  forward  a  whole  array  of  remedial 
measures  including  soil  conservation  programs,  public  land  grazing 
controls  under  the  Taylor  Grazing  Act,  shelterbelts,  natural 
resource  and  land-use  planning,  purchase  and  retirement  of  marginal 
farmland,  agricultural  stabilization  efforts,  passage  of  the  Water 
Facilities  Act,  and  crop  insurance. 

With  all  that  has  happened,  the  West,  with  its  sunbelt;  growing 
population;  stores  of  energy  resources;  generally  productive 
agriculture,  spacecraft  and  aviation,  electronic  and  computer,  and 
defense-related  industries;  and  outstanding  recreation  attractions; 
is  now  the  Nation's  most  dynamic  region. 

There  are  five  major  uses  of  land  in  the  17  Western  States.   These 
include  farming,  grazing,  energy  development,  urbanization,  and 
recreation. 

It  is  well  to  emphasize  before  proceeding  that  none  of  the 
described  land  uses  and  attendant  management  practices  is 
considered  per  se  causative  of  desertification  and  that  the 
degradation  of  natural  resources,  in  many  instances,  may  have  been 
the  product  of  lack  of  knowledge  or  failure  to  adopt  necessary 
safeguards. 

1.   Farming 

The  human  activity  with  the  most  profound  impact  on  the  lands  of 
the  West  has  been  agriculture.   In  1974,  26  percent  of  the  land 
area  was  in  cropland,  and  another  59  precent  in  privately-owned 
pasture  and  rangeland. 
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Succeeding  waves  of  settlers ,  numbering  In  the  hundreds  of 
thousands,  moved  West  to  the  mid-  and  short-grass  prairies  and 
plains  and  beyond  to  the  Oregon  Country,  the  Intermountaln  basins, 
and  the  great  valleys  of  California.   They  claimed  land  under  the 
Homestead  Acts,  and  In  many  places  erected  barbed  wire  fences  and 
plowed  the  open  range.   By  1860,  3  to  A  million  acres  were  under 
cultivation  In  the  Plains  States.   The  great  boom  into  the  Great 
Plains  began  In  the  late  1870 's,  and  by  1900,  69  million  acres  (28 
million  hectares)  were  cultivated,  aided  by  agricultural 
mechanization  such  as  the  McCormack  reaper.   By  1929,  there  were 
almost  194  million  acres  (79  million  hectares)  in  cultivation,  and 
30  years  later  there  were  217  million  acres  (88  million  hectares). 
Now  about  200  million  acres  (81  million  hectares)  are  under 
cultivation. 

Various  generalizations  are  in  order  about  agriculture  in  the  17 
Western  States.   There  has  been  an  enormous  Increase  in  production 
despite  reductions  in  cultivated  acreage,  number  of  farms,  and 
numbers  of  farmers  and  farm  workers.   The  average  farm  in  the  West 
is  much  larger  than  in  the  rest  of  the  country.   There  is  more 
specialized  farming,  and  a  greater  variety  of  crops  is  raised. 
Farming  costs  have  climbed  steadily  since  the  early  1950 's,  while 
farm  commodity  prices  have  been  on  a  roller  coaster  during  most 
recent  periods.   Although  western  agriculture  has  moved  forward 
with  the  rest  of  the  economy,  at  the  moment  it  seems  to  be 
declining  in  Importance  in  relation  to  manufacturing  and  mineral 
resource  development.   But,  short-  and  long-term  world  and  national 
farming  realities  point  to  rising  demands  for  western  grains  and 
livestock  products. 

2.   Grazing 

A  major  economic  use  of  the  semi-arid  and  arid  lands  of  the  West  is 
grazing  of  domestic  livestock,  on  about  85  percent  of  the 
rangelands  in  both  private  and  public  ownership.   There  were  399 
million  acres  (161  million  hectares)  (65  percent  of  the  total 
rangelands)  in  nonfederal  ownership  in  the  17  Western  States  in 
1977.   This  compares  with  212  million  acres  (86  million  hectares) 
of  Federal  rangeland,  mainly  administered  by  the  Bureau  of  Land 
Management  and  the  Forest  Service.   A  smaller  portion  of  the 
acreage  is  administered  by  the  Bureau  of  Indian  Affairs,  National 
Park  Service,  or  the  Department  of  Defense  (RPA,  USDA,  1980). 
Grazing  on  Federal  range  has  become  of  major  Importance  to  the 
livestock  Industry  in  the  17  Western  States.   This  is  especially  so 
in  the  11  States  in  the  Rocky  Mountain  and  Pacific  Coast  regions, 
where  90  percent  of  the  Federally-owned  grazed  lands  are  located. 
It  has  to  be  noted  that  53  million  acres  of  pastureland  in  private 
ownership  throughout  the  17  Western  States  also  serve  the  livestock 
Industry. 
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Domestic  cattle  and  sheep  graze  on  almost  two-thirds  of  the  public 
rangelands  of  the  Western  States  on  a  seasonal  basis,  and 
multiple-use  planning  and  monitoring  determine  the  amount  of 
vegetation  available  for  each  of  the  various  consumptive  users  of 
the  public  rangelands,  including  livestock.   The  sheep  industry  is 
especially  dependent  upon  Federal  grazing  lands,  which  provide  over 
two-fifths  of  their  annual  forage  requirements.   The  cattle 
industry  is  generally  less  dependent  upon  Federal  land,  but  the 
relationship  between  public  and  private  land  sources  of  feed  is 
usually  very  important  to  the  local  beef  cattle  industry. 

3.  Energy  Development 

Energy  development  in  the  western  United  States  has  been  a  constant 
part  of  their  history,  but  now  it  has  entered  an  era  of  extensive 
activities  of  particular  importance  with  U.S.  policy  emphasis  on 
energy  self-sufficiency.   The  uniqueness  of  ongoing  development 
resides  in  the  extraordinary  economic  growth  of  the  region,  in  the 
changes  of  traditional  land  uses,  lifestyles,  size  and  character  of 
communities,  support  systems,  and  the  landscape. 

The  impacts  of  energy  development  are:  a)  the  physical  impacts 
produced  by  mining  and  processing  the  ores  and  the  disposal  of 
waste  material,  b)  the  consequences  of  these  operations  on  surface 
and  ground  water,  and  c)  the  attendant  socio-economic  community 
growth  and  change. 

Until  recently,  most  approaches  to  rehabilitation  of  mined  and 
mine-disturbed  land  have  been  fragmentary  and  have  not  been 
approached  from  an  ecological  perspective.   Nonetheless, 
significant  progress  has  been  made  in  rehabilitating  disturbed  land 
and  extensive  research  is  being  carried  out  in  this  field  today. 

Because  the  economy  and  ecology  of  the  arid  and  seni-arid  West  is 
so  dependent  on  water  availability,  it  is  necessary  to  ensure  that 
energy  development  proceeds  in  a  manner  that  protects  the  region's 
water  resources.   Changes  in  quality  of  life  resulting  from  rapid 
growth  problems  can  sharply  escalate  the  costs  and  time  required  to 
complete  the  energy  projects.   Identification  and  solution  of 
community  problems  become  a  cost  that  is  part  of  the  full  expense 
of  reaching  social  benefits  from  new  energy  production. 

4.  Urbanization 

By  1960,  the  11  Western  States  had  a  population  of  27.2  million 
people.   The  census  of  1970  counted  34.8  million.   A  forecast  for 
the  year  2000,  based  on  trends  to  1970,  indicates  a  doubling  of 
population  to  68  million. 

An  example  of  the  rapid  urbanization  in  the  Western  States  is 
occurring  in  the  Front  Range  area  of  Colorado.   Today  the 
population  of  the  area  is  2.5  million  (86  percent  of  the  State 
population).   In  the  next  20  years,  the  population  is  expected  to 
Increase  to  3.8  million  (88  percent  of  the  State  population).   In 
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the  last  20  years,  1,766,000  acres  of  agricultural  land  in  the 
Front  Range  has  been  converted  to  other  use.   In  the  next  20  years, 
land  conversion  is  expected  to  take  the  space  equivalent  to  a  10 
mile  wide  strip  stretching  from  Denver  to  Colorado  Springs 
(approximately  384,000  acres).   Water  presently  in  urban  use  in  the 
Front  Range  exceeds  540,000  acre/feet  annually.   In  20  years,  a 
total  of  829,000  acre/feet  will  be  needed  annually. 

5.  Recreation 

Public  recognition  of  recreational  values  has  grown  rapidly  in 
recent  years.   Increased  leisure  time,  mobility,  and  accessibility 
have  accelerated  public  participation  in  this  kind  of  activity  and 
such  use  is  expected  to  increase.   In  1977,  over  $11  billion  was 
received  for  amusement  and  recreational  services,  with  construction 
of  buildings  for  social  and  recreational  purposes  that  year 
amounting  to  $3.5  billion  nationwide  (U.S.  Dept.  of  Commerce, 
1978).   In  general,  a  very  large  share  of  these  activities  take 
place  in  the  Mountain,  Southwest,  and  Pacific  regions.   Many  of 
these  recreational  activities  take  place  in  publicly  owned 
recreational  services,  including  state  and  local  parks  and  the 
National  Park  Service  sites.   The  Bureau  of  Land  Management  alone 
administers  326  recreational  sites  covering  12,196  acres  and  having 
an  estimated  58,308,000  visitor-days  use  in  1976,  mainly  in  and 
from  the  Western  States. 

In  order  to  make  better  use  of  the  recreational  opportunities 
available  throughout  the  arid/semiarld  areas  of  the  country,  better 
measurement  techniques  for  dispersed  recreation  activities  need  to 
be  developed  to  identify  types  of  use,  expectations,  and  behavioral 
patterns  of  dry  environmental/ecological  changes  and  recreation 
activities/use  patterns;  the  relationship  between  values  and  uses, 
and  possible  conflicts;  and  the  relationship  among  users  from  a 
human  ecology  perspective  (Innis,  1978). 

D.   Desertification  Processes  and  Manifestations 

Desertification  is  the  result  of  various  ecologic  changes  that  lead 
to  soil  depletion  by  erosion  and  nutrient  losses,  impoverishment  of 
the  vegetation  and  dependent  animal  life,  salinization  and  water- 
logging of  irrigated  and  non-irrigated  lands,  degradation  and 
exhaustion  of  water  resources,  and  impairment  and  spoliation  of 
land  surfaces.   Desertification  may  be  spread  by  human  means  along 
a  desert  edge,  but  far  more  generally  it  happens  in  patches  in 
arid,  semiarid,  and  even  subhumid  regions,  reducing  the  quality  and 
productivity  of  these  lands. 
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The  processes  that  contribute  to  desertification  and  their  mani- 
festations will  be  discussed  individually,  but  will  be  presented 
in  three  general  groups:   (1)  biological  resources;  (2)  soils;  and 
(3)  water.   The  changes  in  the  amount  and  quality  of  vegetation, 
with  a  special  discussion  on  brush  infestation,  animal  population 
changes,  and  the  declines  In  yield  observed  when  desertification 
occurs,  compose  the  first  group  of  processes  and  manifestations 
examined.   Erosion,  nutrient  loss,  compaction,  crusting,  artd  soil 
salinization  are  presented  in  the  second  group.   The  last  discusses 
waterlogging,  water  salinity  buildup,  and  sedimentation  problems. 
(Water  information  is  also  presented  in  Appendix  H.) 

1.  Biological  Resources 

a.  Vegetation  Changes;   Quantity  and  Diversity 

Induced  and  extensive  losses  of  plants  may  result  In  a 
self-reinforcing  desertification  process,  with  the  land's  ability 
to  continue  with  a  steady  production  of  vegetation  impaired  or  even 
lost. 

Depletion  of  vegetation  reduces  the  plant  population  and  soil 
protection,  and  alters  the  nutrient  and  hydrologlcal  cycles  of  the 
area.   The  anount  of  litter,  mulch,  and  microbial  and  animal 
activity  diminishes,  and  the  amount  of  nutrients  returning  to  the 
cycle  decreases,  thus  impairing  the  sustained  normal  plant  growth 
and  production. 

Loss  of  the  vegetation  affects  the  soil  quality  and  increases  the 
reflectivity  of  solar  radiation  (albedo).   This  is  considered  by 
some  climatologists  to  intensify  desertification  in  semlarid/arid 
areas.   One  reason  for  erosion  beginning  after  vegetation  loss  is 
the  decline  of  root  structure  which  conserves  moisture  and  holds 
the  soil.   As  a  result,  flooding  can  also  occur  which  further 
damages  the  soil,  plants,  and  animal  life.   Loss  of  property  and 
life  can  and  does  result. 

The  loss  of  perennial  shrubs,  trees,  grasses,  succulents,  lichens, 
and  annuals  is  serious  for  several  reasons.   They  hold  down  wind 
velocities  and  so  decrease  both  evaporation  and  wind  erosion,  and 
provide  snail  shelter  and  feed  oases  in  which  animals  and  weaker 
plants  can  survive  drought  to  recolonlze  the  areas  between  the 
shrubs  when  the  good  years  return  or  after  excessive  use  ceases. 
When  desertification  is  on-going,  the  quality  of  the  plant 
population  and  the  number  of  varieties  of  desirable  perennial 
vegetation  species  is  reduced.   In  general,  a  declining  ecosystem 
is  not  able  to  support  the  complexity  of  species  it  would  support 
at  the  climax  state. 

When  sound  management  is  applied,  the  species  diversity  may 
actually  increase  by  opening  up  the  community  and  creating  more  and 
different  habitats.   Increased  production  is  characteristic  of  the 
early  successional  stages.   The  comparative  youth  of  the 
"Dry  Domain"  in  this  country  has  a  bearing  on  the  sensitivity  of 
the  ecosystem  to  desertification. 


-26- 


b.   Brush  Infestation 

"For  years  conservation  district  leaders  have  identified  brush 
encroachment  as  one  of  their  biggest  conservation  problems."  They 
point  out  that  noxious  and  undesirable  woody  plants  "reduce 
production  of  food  and  fiber,  accelerate  erosion,  unnecessarily 
waste  water,  and  in  many  places  degrade  wildlife  habitat." 
(Pendleton,  1979).   The  optimum  situation  for  livestock  and 
wildlife  is  a  diversity  of  grasses,  forbs,  and  brush. 

Brush  is  defined  as  woody  half-shrubs,  shrubs,  and  trees  that 
invade  land  on  which  they  are  not  part  of  the  potential  natural 
(climax)  plant  community  or  occur  in  amounts  significantly  in 
excess  of  that  which  is  natural  to  the  site.   Species  listed  as 
brush  often  have  desirable  qualities,  especially  for  wildlife. 
Nevertheless,  they  are  listed  as  brush  because  of  their  tendency  to 
create  resource  management  problems  by  interfering  with  intended 
land  use  and  multiple-use  management  (USDA,  RCA  1980).   The  most 
frequently  mentioned  serious  woody  pests  in  a  1973  Soil 
Conservation  Service  (SCS)  brush  survey  were  oaks,  junipers, 
sagebrush,  cactus,  rabbitbrush,  mesqulte,  and  acacias. 

Classification 

In  the  1973  Survey,  brush  was  categorized  as  sparse,  medium,  and 
dense,  defined  as  follows: 


Sparse  -  Woody  plants  are  present  in  amounts  not  in  excess  of  that 
in  the  potential  natural  plant  community  for  the  site.   They  do  not 
significantly  suppress  growth  of  other  vegetation  nor  interfere 
with  normal  use  of  the  land.   Control  measures  are  not  usually 
needed  or  recommended. 

Medium  -  Woody  plants  are  present  in  somewhat  greater  amounts  than 
is  normal  for  the  site,  suppress  growth  of  more  desirable  plants, 
and  seriously  limit  the  use  of  the  area.   The  stand  or  acreage  will 
increase  unless  counter-measures  are  taken.   Treatment,  though  not 
yet  critical  for  soil  protection  and  forage  production,  is  usually 
desirable. 

Dense  -  Woody  plants  are  present  in  amounts  considerably  exceeding 
that  which  is  normal  for  the  site,  dominate  the  plant  community, 
seriously  suppress  growth  of  more  desirable  plants,  or  severely 
restrict  the  use  of  the  land.   The  plant  cover  does  not  provide 
adequate  protection  against  soil  erosion.   Corrective  measures  are 
needed,  and  some  kind  of  treatment  is  necessary. 

Based  upon  the  percentage  of  grazing  land  covered  by  dense  and 
medium  stands  of  brush,  SCS  recognized  four  levels  of  brush 
problem,  as  follows: 
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Percent  of  grazing  land  covered  by 
Degree  of  problem  dense  and  medium  stands  of  brush 

None  to  slight  0-10 

Moderate  11-25 

Major  26-40 

Severe  over  40 

According  to  this  rating  system,  USDA  compiled  Figures  3  and  4, 
These  ratings  are  on  a  statewide  basis,  and  do  not  pinpoint  the 
severity  of  the  brush  problem  at  specific  locations  (USDA,  RCA, 
1980).  The  degree  of  brush  infestation  is  considered  to  be  similar 
on  Federal  and  non-federal  lands. 

While  biomass  production  increases,  this  encroachment  of  brush  and 
weeds  may  significantly  reduce  the  livestock  production  of  range. 
To  illustrate,  the  infestation  of  mesquite  in  130  counties  in  West 
Texas  reduced  forage  by  0.9  to  1.8  million  animal-unit  months  1971 
(Osborn  and  Witkowski,  1974).   The  value  of  the  forage  thus  lost  is 
estimated  at  between  $4  and  $8  million  per  year. 

Brush  management  activities  have  been  successful  in  reducing  the 
overall  density  of  the  brush  stand,  but  not  in  reducing  the  total 
acreage  (USDA,  RCA.  1980).   This  indicates  that  the  brush 
management  activities  have  been  directed  at  dense  stands  where 
brush  is  dominant  in  the  plant  community,  seriously  suppresses 
growth  of  more  useful  plants,  and  severely  restricts  the  use  of 
land  (Pendleton,  1979).   Eradication  is  rarely  a  planned  objective 
of  brush  management,  and  it  is  economically,  ecologically,  and 
technically  infeasible  (USDA,  RCA,  1980).   The  use  of  the  herbicide 
2,4, 5T,  considered  effective  in  brush  control,  is  permissible  on 
rangeland  under  EPA  regulations  if  under  the  supervision  of  a 
certified  applicator,  but  use  has  been  temporarily  suspended  on 
pasture  land  until  further  clarification  of  the  regulation.   The 
removal  of  brush  may  lead  to  some  enviromental  problems.   For 
example,  removal  by  mechanical  means  such  as  chaining  may  disturb 
other  vegetation  as  well  as  animals,  and  if  not  practiced  with  the 
proper  safeguards,  may  cause  at  least  a  temporary  acceleration  of 
soil  erosion. 

c.   Changes  in  Animal  Population 

Desertification  in  any  part  of  the  dry  domain  generally  reduces  the 
site's  forage  production,  increases  the  soil  susceptibility  to 
erosion  (Branson  et  al.,  1972),  and  alters  the  amount  and  types  of 
shelter  available.   When  such  deterioration  occurs,  the  local 
animal  population  is  affected,  especially  the  higher  vertebrates 
(mammals,   birds).   This  applies  also  to  the  introduced  domestic 
animals  and  their  feral  descendants.   The  use  of  rangelands  by  the 
livestock  industry  has  motivated  the  keeping  of  records  and  the 
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undertaking  of  range  management  studies  which  provide  some 
information  on  the  condition  of  these  lands  through  the  time  of 
utilization.   In  general  it  has  been  recognized  that  today  the 
condition  of  the  range  is  the  best  in  this  century,  but  that  the 
damage  done  by  excessive  grazing  prior  to  the  turn  of  the  century, 
is  still  largely  present.   The  influence  of  topographic  and  diverse 
conditions  of  rangeland  forage  production  in  the  dry  domain  is 
exemplified  by  Figure  5.   According  to  Soil  Conservation  Service 
estimates,  nonfederal  range  condition  has  improved  considerably  in 
recent  years.  (See  definition  of  range  condition  in  glossary.) 
They  indicate  that  from  1963  to  1977,  the  percentage  of  range  in 
excellent  condition  increased  from  5  to  12  percent;  range  in  good 
condition  increased  from  15  to  28  percent;  range  in  fair  condition 
Increased  from  40  to  18  percent.   Furthermore,  in  1977  range 
condition  was  improving  in  13  of  the  17  major  range  states, 
remaining  static  in  three,  and  declining  in  one.   Range  condition 
varies  greatly  among  States  (See  Figure  6). 


Wildlife  existing  in  the  17  Western  States  has  been  impacted  over 
the  years  by  settlement  and  changing  land  uses  such  as  farming, 
livestock  grazing,  buildup  of  urban  areas  and  transportation 
systems,  raining,  recreation,  and  other  human  endeavors.   The 
difficulty  in  distinguishing  between  effects  of  desertification  and 
of  ecological  changes  due  to  development  is  compounded  by  the 
presence  of  feral  animals  that  also  compete  for  the  resources  of 
the  land.   Data  on  the  quality  of  wildlife  habitat  is  presented  in 
figure  7. 

With  the  passage  of  the  1971  Wild  Free-Roaming  Horse  and  Burro  Act 
(Public  Law  92-195)  the  Secretary  of  the  Interior,  through  the 
Bureau  of  Land  Management,  was  charged  with  the  protection, 
management,  and  control  of  all  unbranded  and  unclaimed  horses  and 
burros  inhabiting  public  lands.   Congress  specifically  states  these 
animals  are  to  be  considered  as  an  integral  part  of  the  natural 
system  of  the  public  lands  and  would  be  managed  in  such  a  manner  as 
to  achieve  and  maintain  a  thriving  natural  ecological  balance. 

The  population  density  of  wild  horses  and  burros,  like  that  of  all 
other  animals,  must  be  in  tune  with  and  not  exceed  the  carrying 
capacity  of  the  available  habitat.  (Figure  8).   Uncontrolled 
population  growth  may  lead  to  overgrazing  and  desertification.   In 
turn,  large  and  small  animals  are  affected  by  desertification,  and 
although  the  latter  consume  only  a  small  part  of  an  ecosystem's 
production,  they  may  suppress  the  vegetation  on  which  they  feed.   A 
particular  vegetation  type  does  not  usually  change  due  to  the 
feeding  of  small  animals,  but  it  may  be  held  or  maintained  in  one 
serai  stage  due  to  their  feeding  (Wagner,  no  date).   Exceptions  are 
degradations  due  to  large  populations  of  grasshoppers,  locusts, 
prairie  dogs,  or  rabbits. 
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Figure  6: 


Condition     cf  Federel  and  Non-Federal 


Rengel  nd  by6tate,  1976 


St  etc 

Arizona 

California 

Colorado 

Idaho 

Kansas 

f'ortena 

NcbrcsU 

Nevada 

New  N'exico 

No.    Dakota 

Oklahor.e 

Oregon 

So.   Dakota 

Texas 

Utah 

Washington 

Wyomi  n  g 


Extent 
(1000  Acres) 

58,823 
5.3,290 
35,228 
24,182 
16,278 
54,156 
24.274 
62.736 
59.832 
12.296 

9.301 
24,804 
23,402 
91,599 
39,615 

7.895 
47,608 


Condition    -     % 


Good 

Fair 

Poor 

\'ery  Poor 

12 

26 

44 

16 

18 

17 

32 

33 

12 

30 

41 

17 

19 

36 

32 

13 

10 

45 

34 

11 

16 

40 

35 

9 

15 

31 

35 

19 

12 

48 

32 

8 

10 

20 

47 

23 

33 

35 

23 

9 

n 

38 

40 

11 

19 

38 

30 

13 

15 

47 

31 

7 

13 

23 

46 

18 

19 

26 

36 

19 

20 

26 

39 

13 

18 

36 

37 

9 

Source:     U.   S.  Dept.  of  Agriculture/Forest  Service,  An  Assessment  of 
the  Forest  and  Renoe  Situation  in  the  U.  S..  1980. 
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Figure  8  ESTIMATED  WILD  HORSE  POPULATION 

(as  of  January  1980) 


BLM   232 
FS  8 


BLM  10,448 
FS  0 


BLM   1,229 
FS  0 


2% 


MEXICO 


BLM  76 
FS  230 


BLM  •  Bureau  of  Land  Man»g*m»nt 
FS  •  For*tt  S*rvlc« 


%  -  Percentage  of  Total  Population  •  Major  Wild  Horse  Areas 

Source:  National  Academy  of  Sciences,  for  BLM/FS,  December  1980. 
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2.   Soils 

a.  Erosion 

Erosion  due  to  natural  causes  has  been  described  In  Section  II  B. 
The  accelerated  erosion  due  to  manmade  causes  Is  briefly  discussed 
here. 

Today,  this  country  loses  4  billion  tons  (3.6  billion  metric  tons) 
of  topsoll  every  year  at  an  estimated  cost  of  one  billion  dollars 
(EPA,  1980). 

It  is  estimated  that  nearly  half  of  the  sediment  reaching  the 
Nation's  streams  and  lakes  each  year  comes  from  agricultural  land. 
Another  10  percent  comes  from  range  and  forest  lands,  with  10 
percent  from  eroding  roadsides,  construction  activities, 
surface-mined  lands,  and  other  disturbed  areas.   The  remaining  30 
percent  results  from  geological  erosion.   It  is  the  70  percent  of 
erosion  attributable  to  the  activities  of  people,  much  of  which 
carries  with  it  other  pollutants,  that  can  be  reduced  or  prevented 
through  the  application  of  conservation  practices  to  the  land 
(EPA,  Water  Quality  Management  Bulletin,  1980). 

Accelerated  erosion  (figure  9)  falls  into  two  general 
categories — water  erosion  and  wind  erosion.   The  main  part  of  the 
soil  removed  is  the  most  fertile — the  topsoll.   This  is  followed  by 
retrogressive  changes  in  the  system  as  the  result  of  the  artificial 
reduction  of  plant  cover,  with  more  soil  exposed  as  a  consequence. 
Most  subsoils,  being  either  poor  in  nitrogen  and  phosphorous,  or 
heavily  cemented,  are  more  difficult  to  erode. 

Water  Erosion 

Water  erosion  Is  usually  termed  "sheet  and  rill"  erosion.   See 
figures  10  and  1 1. 

This  type  of  erosion  is  particularly  acute  on  the  steep  slopes  of 
the  wheat  lands  of  the  Palouse  region  of  the  Pacific  Northwest  and 
on  the  shale-derived  soils  of  the  Dakotas,  Wyoming,  Colorado,  Utah, 
and  New  Mexico.   Virtually  every  medium-to-flne  textured  cultivated 
soil  having  a  slope  greater  than  1*  is  subject  to  water  erosion. 
When  slopes  become  as  steep  as  they  are  in  the  Palouse  country, 
good  land  management  (such  as  strip  farming)  can  retard  erosion, 
but  can  keep  it  within  tolerable  limits  only  with  difficulty. 
Sheet  and  rill  erosion  is  also  a  major  contributor  to  salt  loading 
in  Western  streams.   Soils  high  in  salt  content,  such  as  marine 
shales,  are  great  contributors  and  probably  the  largest  diffused 
source.   These  salts  are  highly  soluble  and  are  concentrated  in 
surface  runoff. 

Of  the  four  billion  tons  of  soil  that  are  picked  up  each  year  by 
the  Nation's  streams,  25%  of  this  total  tonnage  is  discharged  into 
the  oceans.   The  other  75%  is  moved  around  within  drainage  basins. 
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SOIL  EROSION 

•            ••       * 

Slight 

•:^'V:'^;^i 

Koderate 

|P! 

Severe 

Fifirt  9:  Ctoeralizttf  Mil  trisiw,  17  ttsttri  ttates. 

Source:  Dregne  and  Zartman,  1980. 
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Figure  1)      6HEET  AND  RILL  EROSION 
IN  THE  17  WESTERN  STATES 
-  NON-FEDERAL  LANDS  — 


Range 
Untied  States 
17  W.  States 

<  2 

313.265 
309.710 

2-4.9 

47.060 
46.974 

5-10 
21,646 
21,600 

>10 
25.761 
25.652 

Tons/Acre/Year 
(X  1,000  Acres) 

Western  States 
Percent  of  Total 

96.6  Vo 

99.6% 

99.8% 

99.6% 

Pasture  &  Natural 
Pasture 
United  States 
17  W.  States 

<2 

105.110 
41,776 

2-4.9 

14.240 

4.359 

5-10 
7.208 
1,367 

>10 

6.995 
1,075 

Tons/Acre/Year 
(X  1,000  Acres) 

Western  States 
Percent  of  Total 

39.7  •/• 

30.6% 

19.2% 

15.3% 

Cropland 

<  2 

2-4.9 

S-10 

>10 

Tons/ A  ore/Year 

United  States 

200,782 

115,372 

55,971 

41.077 

(X  1,000  Acres) 

17  W.  States 

121,732 

53,703 

17,683 

6,982 

Western  States 

Percent  of  Total 

60.6% 

46.5% 

31.0% 

21.8% 

Source:     USDA,  RCA,  1980. 
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wind  Erosion 

Wind  erosion  occurs  throughout  the  arid  West,  and  most  of  the  land 
damage  Is  found  In  the  southern  half  of  the  17  Western  States* 
(See  figure  12.)  To  a  less  extensive  degree,  wind  erosion  Is  a 
locally  serious  problem  around  barren  mine  waste  dumps, 
recreational  areas,  and  new  and  hastlly-bullt  communities. 

The  primary  wind  erosion-causing  factor  Is  the  cultivation  of  sandy 
soils  on  the  dry  margin  of  the  semlarld  climatic  zone,  and  the 
severity  of  wind  erosion  Is  dependent  upon  year-to-year 
fluctuations  In  weather.   Approximately  4.6  million  acres  (1.8 
million  hectares)  of  cultivated  land  in  the  ten  Great  Plains  States 
were  damaged  by  wind  erosion  during  the  drought-parched  winter  of 
1975-76  (October  1975  through  March  1976)  (Anon.,  1976).   This 
contrasts  to  the  previous  less  severe  winter  in  which  2.8  million 
acres  (1.1  million  hectares)  were  damaged  by  wind. 

Wind  erosion  damages  vegetation  production  by:  removing  the  finer 
soil  particles  and  organic  matter  from  the  soil;  by  "sandblasting" 
and  burying  the  existing  plant  and  seedlings;  by  accumulating  dust 
and  sand  around  the  bases  of  shrubs;  and  by  reducing  the  fertility 
and/or  "tillabllity"  of  the  soil. 

Wind  erosion  also  has  serious  adverse  effects  on  air  quality. 
Hagen  and  Woodruff  (1975)  calculated  that  particulates  suspended  in 
dust  storms  in  the  Great  Plains  during  the  1950's  and  1960's  ranged 
from  37  to  551  million  tons  annually  (33.6  to  500.9  million  metric 
tons).   Because  of  a  cycle  of  Increased  rainfall,  the  average 
dropped  from  244  million  tons  in  the  1950's  to  77  million  tons 
(221.8  to  70  million  metric  tons)  in  the  1960's.   Wind  erosion 
produces  a  larger  mass  of  particulates  in  the  United  States  than 
all  other  primary  sources  combined  (Dregne  and  Zartman,  1980). 
Atmospheric  dust  impairs  human  and  animal  health,  ruins  machinery, 
and  is  responsible  for  highway  accidents.   Sediment  in  streams  and 
lakes  interferes  with  fish  reproduction  and  survival,  reduces 
reservoir  capacity,  and  makes  it  necessary  to  dredge  ship  channels. 
Realistic  costs  of  these  kinds  of  damage  are  difficult  to 
calculate. 

Extent  of  the  Erosion  Problem  and  Control  Practices 

The  1977  National  Resource  Inventories  (USDA,  NRI,  1978)  showed 
that  erosion  is  the  main  conservation  problem  on  most  of  the  West's 
cropland.   In  1977  average  annual  erosion  exceeded  six  tons  per 
acre  on  croplands  of  the  Western  States.   Erosion  rates  in  1977 
were  more  than  five  tons  per  acre  in  seven  States  and  more  than  ten 
tons  per  acre  in  three  States.   A  ten-ton  per  acre  annual  erosion 
rate  is  the  equivalent  of  removing  one  inch  of  topsoil  every  15 
years. 
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In  tons  per  acre,  California,  New  Mexico,  Colorado,  and  Texas  have 
the  most  severe  sheet,  rill,  and  wind  erosion  problem.   Of  the 
nearly  one  billion  tons  of  cropland  topsoil  lost  each  year  to  water 
and  wind  erosion  across  the  Western  States,  only  about  one-fourth 
is  balanced  by  the  natural  soil  formation  under  normal  agricultural 
conditions. 

Erosion  is  affecting  both  the  public  and  private  lands  of  the  West. 
On  range  lands  the  average  annual  sheet,  rill,  and  wind  erosion  in 
the  17  Western  States  is  4.6  tons  per  acre  (USDA,  RCA,  1980). 
Serious  soil  erosion  has  affected  about  100  million  acres,  and 
moderate  erosion  over  210  million  acres  (40  and  85  million 
hectares)  (Bureau  of  Reclamation,  1975).   Erosion  may  also  induce 
landslides,  channel  degradation,  valley  trenching,  and  floodplain 
scouring. 

Figure  13  shows  the  Erosion  Condition  Classification  on  BLM  land 
and  on  State  and  private  land. 

The  system  used  to  classify  the  soil  condition  does  not  adequately 
reflect  the  loss  of  biological  productivity  of  the  land.   For 
example,  a  "moderate"  soil  erosion  determination,  upon  close 
examination,  reveals  conditions  which  significantly  reduce  the 
biological  productivity  of  the  area  surveyed.   The  relationship 
between  erosion  and  productivity  has  not  been  established  for  use 
in  management  plans. 

Within  the  arid  regions,  the  economic  feasibility  of  controlling 
wind  and  water  erosion  decreases  as  the  climate  becomes  drier.   In 
the  wet  fringes  of  the  semlarld  zone  (east  of  the  100th  meridian), 
control  of  water  erosion  on  cultivated  land  is  much  more  likely  to 
return  a  profit  in  five  to  ten  years  than  is  water  or  wind  erosion 
control  on  the  drier  side  of  that  zone.   The  reason  is  not  only 
that  land  productivity  is  higher  in  the  wetter  areas,  but  also  that 
water  erosion  is  easier  to  control  than  wind  erosion.   Residue 
management  is  one  of  the  best  tools  for  wind  erosion,  but 
management  becomes  deficient  if  there  is  little  residue. 

While  one  erosion  control  practice  has  been  losing  popularity, 
another  has  been  gaining.   Shelterbelts  (windbreaks),  though 
effective  if  managed  properly,  have  become  less  acceptable  in  the 
1960*s  and  1970's  than  in  earlier  years.   The  main  reasons  are  that 
they  usually  occupy  land  that  could  be  cropped;  the  larger  size  of 
today's  farm  machinery;  and  their  interference  with  the  use  of 
center-pivot  irrigation  systems  (Figure  14).   On  the  other  hand, 
minimum  tillage  and  no-tillage  systems  keep  stubble  on  the  land  to 
effectively  protect  it  from  wind  and  water  erosion.   (See  USDA 
recommended  practices  listed  under  Agency  Programs  in  Section  II 
G.) 
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Figure  14 

Summary  of  Statistics  on  Field  Windbreak  Removals 
for  Five  Great  Plains  States.  1970  and  1975 


Stat0                            Acre*  Ml  les 

T970  WJV  1970  1975 

North  Dakota 101,635  101,573  2T7569  22.5^6 

I  or   total 35. a  36.6  56.8  58.3 

South  Dakota-,----    i48.513  *»7,789  3,808  3,778 

X  of   total 17.1  17.2  10.0  9.8 

NebratKa 8U.159  79,i*8'4  7,661  7, '455 

%  of   total 29.7  28.6  20.2  19.3 

Kansas 311.677  3U,9«48  3.521  3,521 

X  of  total 12.2  12.6  9.3  9.1 

Oklahoma 1U.722  114,155  1,«4«43  1.38'» 

X  of   total ',.? U 3..J U^ 

Total 283,706  277,9'i9  38,0u2  38.664 

Change --  -5,757  +682 

X  charige    from 

1970 -2.1  +1.8 


Source:     USDA,   RCA.   1980. 
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Two  general  strategies  developed  by  USDA  that  can  be  applied  for 
soil  and  water  conservation  are: 

(1)  to  change  the  incentives: 

•  Call  more  attention  to  existing  rewards  from  conservation. 

•  Increase  the  rewards  for  conserving,  by  giving  preference  In 
other  programs  to  those  who  have  achieved  conservation  goals 
(the  "green  ticket"  approach). 

•  Provide  more  cost-sharing,  tax  Incentives,  and/or  other 
forms  of  recognition. 

•  Increase  the  burdens  for  falling  to  conserve,  by  requiring 
mlnlmlra  conservation  achievement  for  participation  In  other 
programs. 

(2)  to  change  the  organizations: 

.  Fine-tune  existing  programs. 

.  Overhaul  the  program  evaluation  process  at  the  Federal 
level. 

•  Provide  for  joint  State-Federal  development  of  programs. 
.  Focus  on  development  of  multlcounty  projects  carefully 

selected  and  targeted  by  local  groups. 

b.  Nutrient  Loss 

Calculations  based  on  soil  erosion  data  suggest  that  nationally, 
more  than  50  million  tons  (45  million  metric  tons)  of  plant 
nutrients  (nitrogen,  phosphorus,  potassium)  are  lost  annually  from 
cropland  soils.   The  cost  of  replacing  the  nitrogen,  phosphorus, 
and  one-fourth  of  the  potassium  In  the  entire  U.S.  agricultural 
soil  was  estimated  to  be  several  billion  dollars  about  10  years 
ago.   While  that  figure  refers  to  total  U.S.  loss,  the  magnitude  of 
erosion  in  the  Great  Plains  and  the  Pacific  Northwest  Indicated 
that  western  erosion  probably  accounted  for  a  nutrient  loss  worth 
at  least  $500  million  (Dregne  and  Zartman,  1980). 

The  fundamental  issue  is  that  decreased  yields  are  the  result  of 
the  loss  of  soil  nutrients.  If  productivity  is  to  be  maintained, 
fertilizers  should  be  added  to  make  up  for  the  nutrient  losses. 
This  is  an  additional  cost  to  agricultural  production.   The 
Increase  of  commercial  fertilizers  consumed  In  the  three  regions  of 
concern  and  in  only  two  years  Is  shown  in  figure  15.   The  most 
recent  figures  Indicate  a  stabilization  in  amounts  of  fertilizers 
appled  due  primarily  to  the  recent  escalating  cost  of  fertilizer. 

While  nutrients  in  the  cropland  are  a  valuable  asset,  they  are 
washed  into  streams  and  water  bodies  where  they  can  be  a  detriment. 
Nutrients  contained  in  waters  are  a  stimulant  to  the  growth  of 
algae  In  surface-water  bodies  receiving  such  wastes.   Problems 
stemming  from  this  fact  have  been  growing  rapidly  in  all  parts  of 
the  country,  and  specialists  in  the  field  are  anticipating  that  the 
requirements  for  wastewater  treatment  will  have  to  be  revised  to 
Include  removal  of  excess  nutrients.   The  two  major  offenders  are 
nitrogen  and  phosphorus,  both  of  which  are  abundant  in  water 
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Figure  15: 

CoiTr>ercial  Fertilizer  Consumed 
(tons) 

Region  1975  1977 

Great  Plains  6,363,609  8,027,664 

Fountain  1.653,162  1,675,997 

Pacific  5,086,523  5.876,968 


Source:  USDA,  Acricjltural  Statistics,  1978 
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drained  from  land  surfaces,  In  rainwater  Itself,  In  waste 
discharges  from  cities  and  Industry,  In  agricultural  runoff,  and  In 
feedlot  runoff  (Geraghty,  1973). 

More  than  half  of  the  surface-water  bodies  In  the  country  are 
believed  to  be  affected  to  some  degree  by  nutrlent-rlch  wastewater 
(Geraghty,  1973).   Groundwater  can  also  be  contaminated  by 
fertilizer  application,  as  In  the  O'Nell  Irrigation  Unit  In 
Nebraska,  where  nitrates  In  the  groundwater  exceed  drinking  water 
standards  (Kaemf,  1980).   In  figure  16,  the  relationships  between 
land  uses  and  nutrient  concentration  In  streams  Is  presented.   The 
dramatic  Increase  in  the  usage  of  phosphates,  nitrogen,  and  potash 
during  the  last  30  years  In  Nebraska  Is  an  example  of  the  direct 
relationship  between  Irrigation  and  primary  nutrient  consumption, 
and  is  shown  in  figure  17. 

Reuse  of  irrigation  outflows  could  be  a  means  of  controlling  the 
loss  of  nutrients  from  Irrigated  farming  operations.   Other 
principal  practices  for  controlling  nutrient  loss  are: 

•   General:   eliminating  excessive  use  of  fertilizer. 

.   Leaching  Control:   Timing  nitrogen  application;  crop  rotation; 

using  animal  wastes  for  fertilizer;  plowing  under  green  legume 

crops;  using  winter  cover  crops;  controlling  fertilizer  release 
or  transformation. 

Control  of  Nutrients  in  Runoff:   Incorporating  surface 
applications  of  fertilizer  into  the  soil;  controlling  surface 
applications  of  fertilizer;  using  legumes  in  haylands  and 
pastures. 

.   Control  of  Nutrient  Loss  by  Erosion:   Timing  fertilizer 

plow-down. 

(EPA,  Water  Quality  Mgt.  Bulletin,  March  1980.) 

c.  Compaction  and  Crusting 

Compaction 

Soil  compaction  Is  a  serious  problem  in  many  cultivated  areas.   It 
varies  with  the  kind  of  soil,  the  amount  of  organic  matter,  the 
surface  texture,  the  kind  and  weight  of  the  tillage  equipment,  and 
the  moisture  content  of  the  soil  when  tilled.   There  is  adequate 
evidence  that  compaction  and  poor  soil  structure  lower  crop  yields, 
decrease  the  rate  of  water  infiltration,  and  Increase  runoff  and 
erosion,  but  the  direct  cause-and-ef feet  relationships  are  not  well 
understood. 

The  adverse  effect  of  soil  compaction  is  due  to  the  reduction  in 
the  ease  of  root  and  water  penetration  into  deeper  horizons  and  to 
the  reduced  soil  volume  the  roots  occupy.   Surface  runoff  is 
increased,  plant  growth  is  reduced,  and  crops  become  more 
susceptible  to  weather  variabilities. 


-47- 


£ 


• 

s 


o 


c 


I 

• 


in  M 

-    c 

I  s 


e 
o 


CO 

c 

ID 

SL 

c 
le 

DC 

■o 

C 
to 

2? 

o 
u. 

O) 

JZ 
•4J 


a; 

E 

Q> 
(/) 
«/) 

C 


>    o. 

a;    o^ 


, 

4-1 

00 

CO 

Ol 

• 

L. 

=) 

0 

U. 

a> 

*>^ 

f 

< 

4-1 

0 

t/) 

c 

s 

•^ 

0) 

u 

w 

3 
O 


-A8- 


(••«OiOtpuetnom)S3HOV  a31V9lddl 


i  I  § 


o 

8 


u 


I/I 

a; 


o 

u 

<: 

a; 
o 


C 


E 
s 

c 
o 
o 


c 


E 


%  \         • —         \  Lo 

*  \  V    \ 


\ 


i 

•0 

.AC 

•  • 

</> 

c 

•o 

^» 

t. 

o 

JS 

u 

Oi 

c 

^? 

•^ 

^ 

«»> 

1 

o 

lO 

^ 

>» 

iA 

4J 

« 

•^ 

u 

Vl 

.o 

t. 

u 

0) 

> 

•*- 

c 

o 

s 

>» 

* 

*J 

(/) 

•^ 

u 

I/I 

f 

&. 

E 

0)      • 

o 

>  C^ 

c 

•1-  r«« 

o 

C  0^ 

U  3  t— 

,_ 

t/t 

(/» 

•Q 

•a 

O' 

U 

^M 

u 

3 

q; 

L. 

•4-» 

•^ 

3 

L. 

O 

3 

tA 

U 

o- 

0) 

•y_ 

C 

oc 

t. 

•^ 

O 

Oi 

^-. 

< 

c 

<fl 

to 

u 

«*- 

£ 

3 

o 

o 

•4-> 

0) 

1. 

3 


a; 


5:£ 


:o 


(S 


rT~T~n~T~T~i 

(tuoiptpuo«no444)  NOadfUnSNOO  INSldlTIN  AdVNiBd 


.est. 

U  3 

x>  <:  r- 

.C  3 

u  -o  o 

W1   f—  'f- 
•t-     ID    L. 

li.  c  cn 

o  < 

r-  O 
3  «^ 

«    C    O 

O.  •>- 

CU 

•^        •.4J 

C    C    3 

O  r- 
<  U  4J 
O     C     «/) 

i/0  '^    c 


91 

u 

a 
o 


-49- 


Subsoil  compaction  on  cultivated  lands  is  common  wherever  tillage 
is  done  to  about  the  same  depth  year  after  year.   However, 
compaction  of  cultivated  soils  is  reduced  in  modern  agricultural 
systems  by  timing  tillage  operations  for  periods  when  soils  are 
relatively  dry,  by  utilizing  minimum  tillage  practices,  and  by 
varying  the  depth  of  tillage. 

Infiltration  rates  and  the  interaction  of  changes  associated  with 
livestock  grazing  are  a  complex  phenomenon.   It  has  been  accepted 
by  specialists  that  light  and  moderate  intensities  of  grazing  or 
high  intensity  grazing  at  very  low  frequency  will  not  damage 
infiltration  rates  during  unsaturated  soil  conditions. 

Crusting 

Surface  crusts  are  a  major  structural  feature  of  many  arid  regions 
(Gary  and  Evans,  1974).   Crusting  increases  runoff  and  erosion  and 
interfers  with  seedling  emergence.   This  phenomenon  is  most  common 
when  soils  are  low  in  organic  natter,  high  in  silt,  or  high  in 
exchangeable  sodium,  and  are  without  vegetation  cover.   These  are 
also  the  conditions  that  make  soil  susceptible  to  accelerated  wind 
erosion.   Inappropriate  cultivation  practices  and  overgrazing  tend 
to  increase  soil  crusting  by  exposing  the  soil  to  the  impact  of 
raindrops,  which  effectively  destroys  the  original  structure. 
However,  in  a  properly  designed  grazing  system,  hoof  action  can  be 
a  tool  to  break  up  crusting. 

Some  sprinkler  systems  have  a  similar  effect  on  unprotected 
irrigated  soils.   As  with  soil  compaction,  data  on  the  damage  done 
by  soil  crusting  are  not  available.   It  is  evident,  however,  that 
the  problem  is  a  significant  one  when  a  light  rain  can  stop 
seedling  emergence  over  large  parts  of  a  field  (Dregne  and  Zartman, 
1980). 

As  with  wind  erosion  control,  the  best  way  to  minimize  soil 
crusting  is  to  provide  adequate  plant  cover  to  protect  the  soil. 

d.   Salinization  of  Soils 

The  process  of  salinization  of  soils  can  be  traced  to  two  sources: 
dryland  saline  seeps  and  salinization  in  irrigated  areas. 

Dryland  saline  seeps  are  said  to  be  the  primary  soil  problem  in  the 
northern  Great  Plains  (Vander  Pluym,  1978)  and  are  increasing  in 
size  and  severity  in  the  United  States  and  across  the  border  in  the 
prairie  provinces  of  Canada.   About  2  million  acres  (0.8  million 
hectares)  of  dryland  are  severely  affected  by  saline  seepage 
(United  States  and  Canada)  and  another  7  million  acres  (2.7  million 
hectares)  are  affected  to  a  lesser  degree.   A  survey  in  Montana 
showed  that  dryland  saline  seeps  increased  from  53,000  acres 
(20,000  hectares)  in  1959  to  156,000  acres  (60,000  hectares)  in 
1975.   The  total  impact  of  the  salinity  problem  has  not  been 
completely  measured,  especially  in  affected  croplands  (Dregne  and 
Zartman,  1980). 
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Some  control  measures  that  can  be  applied  to  this  problem  are: 
Intensive  cropping,  growing  deep-rooted  perennial  plants,  and 
draining  wet  areas.   The  first  two  practices  can  be  carried  out  by 
the  farmer;  land  drainage  is  a  practice  which  frequently  Is 
cost-shared  by  the  fanner  and  the  Federal  Government  (Dregne  and 
Zartman,  1980).   In  some  areas  this  practice  has  created  severe 
Impacts  on  the  drainage  system  and  on  waterfowl  using  the  wetlands 
habitat.  Drainage  of  wet  area  Is  governed  by  Executive  Order  11990 
and  resultant  regulations. 

Sallnlzatlon  of  soils  can  also  appear  In  Irrigated  agriculture. 
This  type  of  farming  requires  that  enough  water  be  applied  for 
crops  to  grow  and  for  soils  to  flush  the  salts  left  behind  by 
evaporation.  If  salts  are  not  flushed  away,  the  roots  of  plants 
find  It  Increasingly  difficult  to  extract  from  the  soil/water 
system  the  water  they  need  to  survive  and  thrive.   This  Is  due  to 
changes  In  the  osmotic  pressure  of  water  as  It  becomes  more  and 
more  saline.   (Figures  18  and  19). 

There  are  three  common  ways  to  alleviate  existing  salt  problems  In 
the  soil  of  Irrigated  areas.   The  first  method  is  to  allow  natural 
precipitation  to  leach  the  salts  below  the  rooting  zone.   This 
system  Is  used  primarily  in  low-intensity  irrigation  projects  where 
there  are  low  amounts  of  soluble  salt  present  or  where  the 
precipitaion  occurs  at  the  appropriate  season.   Winter  rains  are 
especially  effective  in  removing  salt  from  the  soil.   A  second 
method  is  installation  of  tile  drains  to  remove  salty  water  from 
the  profile.   This  is  effective  in  areas  which  also  have  problems 
of  waterlogging.   A  third  method  is  adding  excess  water  to  leach 
salts  from  the  profile,  in  conjunction  with  subsurface  drainage. 
The  salt  content  of  the  soil  can  usually  be  kept  at  a  satisfactory 
low  level  as  long  as  the  flow  of  water  is  down  or  away  from  the 
rooting  zone. 

3.   Water 

a.   Waterlogging 

Waterlogging  of  soils  nay  be  a  direct  consequence  of  irrigated 
agriculture.   It  arises  V7hen  the  infiltration  rate  of  the  soil 
exceeds  the  permeability  (hydraulic  conductivity)  of  some  horizon 
within  the  soil.   In  that  event,  water  accumulates  within  the 
profile  and  adversely  affects  root  growth.   Waterlogging  can  be 
controlled  by  reducing  the  amount  of  irrigation  water  applied, 
improving  water  and  land  management  practices,  and  by  draining  the 
soil  with  open  or  closed  drainage  systems. 

Waterlogging  risk  increases  with  the  area  Irrigated.   For  the  17 
Western  States,  the  Irrigated  area  has  Increased  from  just  over  2.5 
million  acres  (one  million  hectares)  in  1889  to  51  million  acres 
(19  million  hectares)  in  1978.   The  distribution  of  irrigated  land 
for  these  17  States  is  shown  in  figure  20. 
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Figure  18:  Saline  Public  Lands  in  the  Upper  Colorado  River  Basin 

(in  acres) 


State 


Colorado 
Utah 

Wyoning 


TOTAL 


Non-  &  Slightly 
Saline 


18.374.801 


Moderately 
Saline 


5.792.456 


Highly 
Saline 


5.657.070 

713.448 

469.482 

8,765.609 

1.605.498 

2.284.893 

3,952.122 

3.473.510 

435.366 

3.189.740 


Total  Moderately  and 
Highly  Saline 

GRAND  TOTAL 


8,982.196 
27.356.997 


Corron  Agronomic  Soil  Salinity  Classification  System 


Salinity  Class 


Electrical  Conductivity  at  25°C. 
of  Saturation  Extract  in  Micromhos/Cm 
Upper  Soil  Layer     Lower  Soil  Layer 


Nonsaline 
Slightly  Saline 

Moderately  Saline 

Strongly  Saline  (Highly) 


<  4,000 

<  4,000  above 
8  inches 

4.000  -  16.000 
above  20  inches 

>  16,000 


<  4.000 

4.D00  -  16,000 
below  8  inches 

>  16,000  below 
20  inches 

> 16,000 


Upper  son  layer  «  Topsoil.  layer  of  greatest  biological  activity, 
ranges  in  depth  from  1  to  24  inches. 

Lower  soil  layer  «  Subsoil,  layer  of  accumulation  of  clay.  Iron  and 

aluminum  compounds,  and  other  mineral  substances,  is  generally  two 
to  three  times  the  depth  of  the  topsoil. 

Source:  Bureau  of  Land  Management,  The  Effects  of  Surface  Disturbance 
on  the  Salinity  of  Public  Lands  In' the  Upper  Colorado  River  BasTn 
(1977  Status  Report),  February  1978. 
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Source:  Dregne  and  Zartman,  1980. 
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Fig.  20:  Irrigated  land  in  the  17  western  states,  1956  and  1978, 


State 


l§i6 

Arizona 

1.15 

California 

7.75 

Colorado 

2.38 

Idaho 

2.41 

Kansas 

0.72 

I'fcntana 

1.89 

Nebraska 

2.01 

Nevada 

0.70 

New  Nfexico 

0.80 

North  Dakota 

0.05 

Oklahoma 

0.29 

Oregon 

1.58 

South  Dakota 

0.12 

Texas 

6.96 

Utah 

1.20 

Washington 

0.95 

Wyoming 

1.30 

Irrigated  land,  millions  of  acres 


T57^ 


1.03 
9.10 
3.03 
3.93 
3.42 
3.11 
7.26 
1.30 
1.24 
0.15 
0.90 
1.97 
0.41 
8.95 
2.03 
1.64 
1.79 


17  western  states 


32.26 


51.27 


Source:   Dregne  and  Zartman,  1980. 
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There  are  no  good  data  on  the  amount  of  sallnlzed  and  waterlogged 
Irrigated  land  In  the  17  Western  States.   A  figure  of  25  percent 
has  long  been  used  for  the  amount  'of  land  affected  seriously  enough 
to  reduce  crop  yields.   The  main  affected  areas  are  In  the  Colorado 
and  Rio  Grande  watersheds,  the  Great  Basin  region,  and  the  Imperial 
and  San  Joaquin  valleys  of  California. 

Waterlogging  Is  a  problem  that  is  usually  profitable  for  the 
Individual  farmer  to  correct  If  It  Is  due  to  on-farm  conditions. 
If  high  water  tables  are  due  to  seepage  from  streams,  community 
canals,  or  neighboring  lands,  then  some  kind  of  government 
financing  Is  expected  to  pay  the  cost  of  drainage.   Drainage 
districts,  as  legal  entitles,  are  one  means  of  obtaining  community 
action  and  government  financing  for  large-scale  drainage  works. 

b.  Water  Salinity  Buildup 

The  amount  of  salt  In  water  directly  Influences  the  utility  of  the 
water,  and  Increased  salt  concentrations  typically  have  a 
detrimental  Impact  on  water  users  and  the  environment.   Such 
detriments  Include  decreased  productivity  and/or  Increased 
production  costs  for  both  agricultural  and  Industrial  water  users 
and  Increased  municipal  water  treatment  costs. 

For  agriculture,  as  salinity  levels  Increase  In  applied  Irrigation 
water,  the  characteristics  of  soil  change,  and  salinity  levels  In 
the  root  zone  Increase.  When  salinity  levels  In  the  soil  Increase 
above  the  threshold  level  of  a  crop  tolerance,  progressive 
Impairment  of  crop  growth  and  yield  results.  Water  which  has  a 
high  concentration  of  sodium  and  other  Ions  also  affects  soil 
structure  and  vegetation  condition  of  the  riparian  and  other 
natural  systems,  impairing  their  quality. 

For  municipal  uses,  increases  in  the  concentration  of  salinity  and 
hardness  lead  to  adverse  health  effects,  lowered  palatabillty  of 
drinking  water,  added  soap  and  detergent  consumption,  corrosion, 
scaling  of  metal  water  pipes  and  water  heaters,  accelerated  fabric 
wear,  added  water  softening  costs,  and,  in  extreme  cases, 
abandonment  of  a  supply. 

The  effect  of  water  quality  on  industrial  uses  is  difficult  to 
generalize  because  of  the  varied  uses  required  by  Industry.   One 
method  is  to  classify  industrial  water  use  by  purpose,  such  as 
cooling,  boiler  feed,  process,  or  general  purpose.  When  raw  water 
does  not  meet  quality  criteria  for  the  specific  purpose  or 
purposes,  treatment  methods  are  required  which  Include  water 
softening,  evaporation,  demineralization,  and  chlorlnation  In 
cooling  systems  for  control  of  corrosion  and  slime  (Kleinman  and 
Brown,  December  1980).  All  of  these  treatments  add  to  the 
production  cost. 
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Concentration  of  Salts  in  the  Streamflow 

The  concentration  occurs  partly  because  some  of  the  water  withdrawn 
for  such  uses  as  Irrigation  returns  to  the  stream  bearing 
additional  dissolved  material,  and  these  salts  find  their  way  Into 
surface  and  groundwaters  If  precautions  are  not  taken. 

Another  factor  Influencing  salinity  buildup  Is  the  evaporation  of 
water  from  reservoirs  and  Irrigated  fields,  leaving  the  salts, 
whose  concentration  Is  Increased.   Evaporative  losses  from  some 
reservoirs  are  so  great  that  the  amount  of  water  made  available  for 
use  decreases  with  each  additional  unit  of  storage.   Any  diversion 
of  flow  leaves  less  water  to  dilute  high  salt  concentrations  due  to 
natural  causes,  such  as  salt  springs.   Further,  consumptive  losses 
associated  with  municipal  and  industrial  water  uses, 
evapotranspiratlon  losses  from  native  vegetation  on  noncropped 
land,  and  out-of-basln  diversions  of  water  are  other  causes  of 
Increasing  salinity  even  if  no  more  salt  is  added  to  the  system 
(NWC,  1973).   The  salinity  problem  is  increasing  not  only  in 
surface  waters,  but  in  groundwaters  as  well.  Salinity  problems  are 
in  general  related  to  poor  drainage,  inappropriate  irrigation 
practices,  and  disturbances  of  saline  geological  formations  and 
soils. 

Erosion  Is  a  major  contributor  to  salt  loading  in  Western  streams. 
Diffuse  salt  source  areas  contribute  salts  that  are  highly  soluble 
and  are  concentrated  in  surface  runoff  through  erosion.   Over 
one-half  of  the  10.7  million  tons  (9.7  million  metric  tons)  or  salt 
estimated  to  flow  in  the  Colorado  River  (see  figure  21)  is  from 
diffuse  salt  source  areas.   Some  of  the  critical  diffuse  salt  areas 
that  occur  in  the  Western  States  are: 

•   the  soft  marine  shales  of  the  Pierre  and  Bearpaw  Formations 
in  semiarid  areas  of  Montana,  Wyoming,  and  Colorado; 

.   the  Great  Salt  Lake  and  various  playa  laKes  associated  with 
ancient  Lake  Lahontan  and  Bonneville  in  the  Great  Basin; 

.   the  Upper  Arkansas  in  Colorado  and  the  Rio  Grande  and  Pecos 
drainages  in  New  Mexico. 

The  Colorado  River  is  an  example  of  quality  problems  caused  by 
dissolved  solids.   At  present,  salinity  adversely  affects  the  water 
supply  of  a  population  exceeding  10  million  people  and  over  405,000 
hectares  (1  million  acres)  of  Irrigated  land  in  the  Lower  Colorado 
River  Basin.   Salinity  also  affects  water  users  in  Mexico. 
Generally,  flows  in  the  headwaters  of  the  Colorado  River  are  of 
high  quality,  usually  with  less  than  50  mg/1  (milligrams/liter) 
which  progressively  increase  downstream  until,  at  Imperial  Dam,  the 
present  annually-weighted  condition  (1976)  is  823  mg/1. 
Projections  of  future  salinity  suggest  values  of  about  1200  mg/1  at 
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Figure  21:  Summary  of  Estimated  Total  Runoff,  Sediment,  and  Salt 
Produced  from  Public  Lands  In  the  Three  Upper  Colorado  River  Basin 
States  of  Colorado,  Utah,  and  Wyoming 


Salinity 

Class 

YIELDS  BY  STATE 

Non-  and 

Highly 

Moderately 

Slightly 

Saline 

Saline 

Saline 

TOTAL 

COLORADO 

Runoff 

7.600 

17,900 

287,000 

312,500 

(ac-ft/yr) 

Sediment 

897.000 

986.000 

8,099.000 

9,982.000 

(tons/yr) 

Salt 

34.400 

19.400 

113,000 

166,800 

(tons/yr) 

UTAH 

Runoff 

36.900 

40,000 

445,000 

521 .900 

Sediment 

4.363.000 

2,210.000 

12,550,000 

19.123.000 

Salt 

167,000 

43.600 

176,000 

386,600 

WYOMING 

Runoff 

7,000 

21,300 

201 ,000 

229,300 

Sediment 

831 .000 

2,449,000 

5,658,000 

• 

8.938.000 

Salt 

31,900 

33,300 

.79,300 

144,500 

TOTAL  OF  3  STATES 
Runoff  51,500 

Sediment       6.091,000 
Salt  233,300 


79,200      933,000    1,063,700 

5,645,000   26,307,000   38,043,000 

96,300      368,300      697,900 


Source:  Bureau  of  Land  Management,  The  Effects  of  Surface  Disturbance 
on  the  Salinity  of  Public  Lands  In  the  Upper  Colorado  River  Basin 
(1977  Status  Report).  February  1978. 
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Imperial  Dam  by  the  year  2000.   Should  such  salinity  Increases  be 
realized,  substantial  environmental  and  economic  impacts  would  be 
Incurred  by  both  agricultural  and  municipal  users  in  the  Lower 
Basin  (Kleinman  and  Brown,  Dec.  1980).   However,  a  program  is 
currently  underway  for  the  Colorado  River  to  meet  the  salinity 
standards  and  international  agreements. 

Economic  losses  due  to  salinity  build  up  are  not  inconsequential. 
Salinity  build-up  has  reduced  fisheries  production,  the 
productivity  of  the  land  base,  and  the  palatabllity  of  water 
supplies  for  domestic  use.   It  has  also  caused  significant 
reductions  in  United  States  and  Mexican  agricultural  production. 
It  has  been  estimated  that  the  damages  to  the  Lower  Colorado  River 
Basin  were  about  $447,670  in  1980  (Kleinman  and  Brown,  Dec.  1980) 
(Figure  22).   In  the  San  Joaquin  Valley  more  than  $30  million  are 
lost  yearly  as  a  result  of  highly  saline  water  tables.   If 
irrigation  proceeds  there  in  the  same  fashion  as  today,  in  20  years 
around  750,000  acres  (about  0.3  million  hectares)  will  be  affected, 
with  an  annual  loss  of  $300  million  (Grew,  1979). 

It  has  been  estimated  that  salinity  buildup  due  to  Irrigation  was 
costing  $16  million/year  in  1970  in  direct  damages  (EPA,  1974)  in 
the  Lower  Colorado  Basin.   If  we  consider  that  today  there  are 
approximately  34  million  acres  (13.7  million  hectares)  of  irrigated 
cropland  in  the  17  Western  States,  the  magnitude  of  the  potential 
problem,  where  proper  safeguards  are  not  used,  is  worth 
consideration. 

Fertilizer  and  pesticide  use  in  irrigated  and  dry  farming  has 
expanded  rapidly  In  the  17  Western  States  during  the  last  30  years. 
This  in  turn  has  added  to  the  contamination  of  surface  and 
groundwater  resources.   Section  208  of  the  Clean  Water  Act  provides 
for  State  and  area  wide  planning  to  identify  and  control  nonpolnt 
sources  of  water  pollution,  including  pollution  from  agriculture, 
silviculture,  mining,  construction,  saltwater  intrusion,  residual 
waste  disposal,  and  disposal  of  pollutants  to  protect  groundwater. 
Runoff  is  a  major  source  of  nonpolnt  source  pollution.   The  initial 
three-year  planning  cycle  has  been  completed.   Currently,  emphasis 
is  being  placed  on  continuing  and  State  or  locally-funded 
Implementation  of  the  plans.   Site-specific  planning  efforts  are 
being  Federally  funded  with  particular  emphasis  on  urban  runoff, 
agriculture,  and  groundwater. 

Data  on  the  cost  of  complying  with  Section  208  will  be  available 
when  the  States  start  implementing  plans  to  abate  nonpolnt 
pollution.   From  these  data  the  cost  of  controlling  salinity  and 
sedimentation  could  be  extracted  and  used  to  calculate  the 
cost-benefit  ratios  for  diverse  water  management  and  conservation 
schemes.   One  example  is  the  possible  down-sizing,  with  ensuing 
substantial  earnings,  of  the  96  mgd  Yuma  Desalting  Plant,  if 
Irrigation  efficiency  of  the  Wellton-Mohawk  District  can  be 
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Figure  22: 

Salinity  Damages  in  the  Lower  Colorado  River  Basin 


1976  Dollars 

Estimated  1980 

Average  Estimated 

$/mg/l  $/mg/l 


Agricultural   and  Industrial   Damages  $102,500                   $133,780 

Kunicipal    (Household)  Damages: 

I'letropolitan  Water  District  $187,000 
Central  Arizona  Project 

Service  Area  26,300 

Lower  Main  Stem  Service  Area  27,200 


$240,500  313,890 

Average  agricultural,  municipal   and 
industrial   damages  estimated 
from  salinity  $447,670 


(U5DI.  WPRS,  Kleinman  and  Brown,  December  1980) 
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Improved  and  the  drainage  flow  reduced. 

A  method  to  control  nonpolnt  pollution  of  streamflov  by  salts 
and/or  pesticides  is   to  control  runoff*     Principal  practices  for 
controlling  runoff  are:   no-tlll  planting,   conservation  tillage, 
8od-based  rotation,   %^nter  cover  crop,  timing  of  field  operation, 
plow-plant   systems,   contouring,   contour  strip  cropping,   terraces, 
grassed  outlets,  contour  listing,   change  In  land  use,  construction 
of   ponds* 

c*  Sedimentation 


Sedimentation,  the  product  of  erosion,  may  cause  damage  along 
streams,  rivers,  lakes,  and  wherever  sediment  is  deposited. 
Sediment  can  result  in  overwash,  swamping,  and  increased  flooding* 
It  accumulates  in  reservoirs,  increases  treatment  costs  of 
municipal  and  industrial  supplies,  makes  navigable  streams 
impassible  without  dredging,  clogs  irrigation  and  drainage 
improvements,  smothers  growing  plants  and  spoils  harvestable  crops. 
Increases  maintenance  costs  of  utility  and  transportation 
facilities,  decreases  the  recreational  value  of  water,  and 
adversely  affects  the  fishery  resource* 

This  erosion  problem  occurs  on  both  irrigated  and  nonirrlgated 
lands.   Existing  erosion  control  technology  has  not  been 
universally  accepted  and  used,  primarily  because  of  direct  or 
Indirect  economic  considerations. 

As  cited  earlier,  over  four  billion  tons  (3.6  billion  metric  tons) 
of  soil  are  picked  up  each  year  by  the  Nation's  streams,  and  25Z  of 
this  total  tonnage  is  discharged  into  the  oceans.  The  other  75Z  is 
moved  around  within  drainage  basins.   In  the  Western  States 
one-fifth  of  the  sediment  produced  by  erosion  ends  up  in  the  ocean. 
The  remainder  settles,  as  has  been  described,  in  reservoirs, 
rivers,  and  lakes,  shortening  their  useful  life.   In  various  places 
it  is  spread  by  flooding  over  the  bottomlands  of  watersheds  and 
Interior  basins.   Additionally,  sediment  from  agricultural  areas 
usually  carries  with  it  fertilizer,  pesticides,  and  other  soluble 
material  which  enter  the  receiving  waters*   Sediment  is  carried  by 
runoff  naturally,  but  the  load  increases  with  agriculture,  grazing, 
timber  cutting,  ainlog,  construction,  dredge  and  fill  operations, 
and  streambank  alteration  especially  during  floods.   Figure  23 
shows  the  sources  of  sediment  yield  and  figure  24  shows  annual 
sediment  yield  by  region. 

The  dollar  value  of  damages  caused  by  increased  sediment  load  has 
not  been  determined,  but  it  has  been  estimated  at  over  $500  million 
per  year.   The  dredging  of  sediments  from  U.S.  rivers  and  harbors 
costs  the  nation  about  $230  million  annually.  Of  the  total,  it 
seems  reasonable  to  believe  that  at  least  half  is  spent  in  the 
West*  The  loss  of  reservoir  capacity  is  conservatively  estimated 
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Figure  24  Annual  Sediment  Yield'  by  Region 


Acre- feet/ 
Sq.  Mile 

0.1S 

0.38 

0.27 

0.12  (minimum) 

0.45 

0.45 

0.55  (maximum) 

0.29 

0.35 

0.29 


Source:     USDI/Bureau  of  Reclamation,  Critical  Water  Problems  Facing 
the  Eleven  Western  States,  April   1975.     Developed  from  SCS/ 
USDA  data,  August  1974. 


Region 

Drainage  Area 
(Sn.  Miles) 

Columbia-North 

Pacific 

273,784 

California 

165,177 

Missouri 

221,998 

Great  Basin 

139,372 

Upper  Colorado 

113.341 

Lower  Colorado 

136.333 

Rio  Grande 

82,277 

Arkansas-White- 

Red 

46.204 

Texas  Gulf 

5.913 

Westwide  Total 

1.184.399 
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to  cost  the  country  more  than  $50  million  annually,  and  most  of 
this  occurs  In  the  West  (EPA,  March  1980). 

E.   Dynamics  of  Desertification 

Desertification  is  not  a  mere  word  or  invention  describing 
nonexistent  land  and  ecosystem  deterioration.   Rather, 
desertification  is  a  concept,  new  to  some,  of  collectively  viewing 
the  physical,  ecological,  and  social  changes  which  may  exist  in  a 
particular  region  at  a  given  time.   Such  a  holistic  view  is 
appropriate  because  the  various  processes  of  change  are  in  many 
instances  synergistlc-the  total  transformation  is  greater  than  the 
sum  of  the  impact  of  each  individual  process,  resulting  in  a  larger 
reality  (desertification)  from  the  simultaneous  presence  of  various 
factors.   The  same  "total  system"  concept  applies  where 
rehabilitation  procedures  may  control  degradation  and  even  enhance 
the  quality  of  the  resource  base. 

1 .  Feedback  Mechanisms 

As  shown  in  figure  25,  many  processes  are  operating  simultaneously 
and  feeding  back  into  the  system  as  desertification  sets  in. 
Unless  mitigation  efforts  are  applied  with  full  understanding  of 
the  processes  and  their  interactions,  the  risk  of  making  a  bad 
situation  worse  is  high.  Also,  when  contemplating  economic 
development  of  the  resources  of  the  dry  domain  (Figure  26),  a  good 
understanding  of  the  type  of  environment,  ecosystem  traits, 
attempted  development,  and  existing  resources  will  help  in 
projecting  the  modifications  that  the  regional  conditions  will 
undergo  so  that  unexpected  or  unwanted  damage  may  be  avoided. 

The  processes  depicted  should  be  viewed  in  the  larger  context  of 
climatic  change,  not  only  seasonal  and  annual  variations  in 
precipitation  but  long-terra  cycles  of  drought  and  torrential  rains. 
These  are  natural  variations  to  which  the  plants  and  animals  of  an 
arid  land  ecosystem  have  become  adapted  over  eons  of  evolution. 
(See  Appendices  E  and  F.)  However,  the  productivity  of  the 
ecosystem  is  dependent  on  the  availability  of  at  least  certain 
amounts  of  fresh  water.   When  this  limit  is  surpassed,  the  plants 
begin  disappearing  Instead  of  becoming  dormant,  and  the  animals 
start  dying  instead  of  becoming  dormant  or  migrating.   This 
triggers  reactions  from  the  system  to  adapt  to  the  new  conditions. 

One  example  of  feedback  is  exemplified  by  the  possibility  that  the 
desertification  process  may  create  climatic  changes  that  in  turn 
may  aggravate  the  problem.   Reid  Bryson  has  suggested  that 
windblown  dust  reduces  surface  heating,  convection,  and 
precipitation.   Other  cllmatologlsts  have  discussed  the  possibility 
of  local,  regional,  or  even  global  changes  in  climate  induced  by 
increased  surface  and  atmospheric  reflectivity.   To  greatly 
simplify,  the  energy  required  to  drive  the  hydrologlc  cycle  is  less 
available  at  critical  altitudes  in  the  atmosphere  and  consequently. 
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Figure  25    W^i 
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precipitation  no  longer  offsets  evaporation.  These  theories  are  still 
largely  untested  but  add  an  ominous  global  overtone  to  the 
desertification  question. 

Energy  utilization  also  plays  a  role  In  climate  change  and  may  therefore 
influence  the  spread  and  severity  of  desertification.   In  brief,  as 
carbon  dioxide  from  the  burning  of  fossil  fuels  and,  to  a  lesser  extent, 
from  the  removal,  decomposition,  and  burning  of  plant  materials  enters 
the  atmosphere,  it  traps  solar  energy  that  otherwise  would  be  lost  to 
space.   In  a  sense,  this  so-called  "greenhouse  effect"  offsets  the  energy 
loss  from  Increased  reflectivity,  but  the  possible  consequences  include 
shifts  in  preciptatlon  patterns  and  changes  in  annual  temperature 
regimes. 

Another  example  of  feedback  is  related  to  irrigation.   Many  arid  lands 
are  Irrigated  in  an  effort  to  compensate  for  the  lack  of  precipitation. 
When  it  is  well-designed,  properly  drained,  and  carefully  maintained,  an 
irrigation  system  can  create  extremely  productive  agricultural  activity. 
However,  there  are  serious  consequences  that  result  when  irrigation  plans 
go  awry,  as  has  been  described  in  Section  II. D.   For  most  plant  species 
sallnlzation  and  waterlogging  are  detrimental,  and  agricultural 
productivity  declines.  This  in  turn  modifies  the  region's  soil 
conditions,  hydrology,  and  nutrient  budget,  resulting  in  further 
modification  of  the  system  and  finally  of  land  uses. 

The  main  point  of  this  brief  discussion  is  that  any  change  in  an  arid 
land  ecosystem  has  many  consequences  and  ramifications,  good  or  bad.   If 
the  change  is  considered  adverse  to  human  interests,  as  in  those 
situations  where  productivity  declines,  there  is  a  natural  desire  to 
remedy  the  situation  but,  if  not  done  with  care  and  understanding,  there 
may  be  undesirable  side  effects  caused  by  the  remedies  as  well.   This 
lends  strength  to  the  argument  that  it  is  better  to  prevent 
desertification  than  to  try  to  effect  a  cure  (Hinckley,  1980). 

Surface  water  diversions  may  also  have  positive  Impacts.   For  example, 
desert  scrub  in  the  northeast  corner  of  California's  Imperial  Valley  has 
Increased  in  vigor  and  productivity  due  to  leakage  of  the  Hlghllne  and 
Coachella  Canals  with  the  appearance  of  wetlands  and  snail  lakes  and  an 
Increased  abundance  and  diversity  of  wildlife  in  the  local  area 
(Coulombe,  1981).   For  wildlife,  urbanization  in  arid  or  semlarid 
settings  has  mixed  blessings.   Species  that  depend  entirely  on  the  ground 
for  shelter  and  travel  (small  rodents,  reptiles)  can  be  reduced 
substantially  by  urban  expansion.   However,  many  species  of  birds  will  be 
enhanced  by  the  appearance  of  trees,  shrubs,  and  the  Increased 
availability  of  insects  in  suburban  areas.   Through  the  urban  planning 
process,  impacts  on  wildlife  can  be  reduced  or  mitigated  (Leedy,  1978). 
Perhaps  more  Important  to  wildlife  are  the  secondary  effects  of 
urbanization-recreational  activities  that  disperse  into  the  areas  around 
the  cities  and  towns  of  the  dry  domain. 
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Introduction  of  exotic  plants  to  the  dry  domain  can  have  significant 

impacts  to  animals  through  habitat  alteration.   The  irrigation  of  arid 

areas  and  the  extensive  corridors  created  by  roads,  pipelines,  and  canals 

have  brought  new  plants  and  associated  animals  into  the  region  (Frenkel, 
1970). 

2.  Competition  for  the  Use  of  the  Resource  Base 

Competition  for  natural  resources  between  uses  and  users  is  one  added 
dimension  to  the  dynamics  of  desertification  and  rehabilitation. 
Competition  and  conflicts  may  result  when  more  than  one  maxlmun  use,  or 
the  overuse  of  a  resource,  takes  place  in  an  area.   Some  aspects  of 
multiple-use  competition  are  the  physical  availability  of  resources  and 
the  local  conditions  that  may  influence  the  onset  and  outcome  of 
competition.   Two  extremes  in  the  usage  of  the  natural  resources  of  an 
area  are   (1)  the  ban  on  use,  resulting  in  total  preservation  and  (2)  the 
total  use  of  resources,  resulting  In  depletion.  In  between  these  extremes 
a  whole  gradient  of  development/use/conservation  mixtures  of  measures  can 
be  found.   Depending  on  the  value  of  the  resource,  the  benefits  accrued 
from  its  use,  the  extent  of  the  damage  (if  any),  the  cost  of 
rehabilitating  the  site,  and  other  economic  considerations,  recovery  may 
be  left  to  the  natural  processes  or  could  be  speeded  up  through 
artificial  repair.   More  Importantly,  these  considerations  may  Influence 
the  selection  of  types  and  combinations  of  uses,  number  of  users,  and 
conservation  measures. 

Among  the  special  characteristics  of  arld/semlarid  lands,  the  limited 
availability  of  water  will  be  discussed  as  an  example  of  competition  for 
the  resource  base. 

Availability  of  water  and  competition:   The  competition  for  water  in  the 
arid  and  seniarid  VJestern  States  has  always  been  strong  but  is  now 
Increasing  rapidly  as  human  and  animal  populations,  mining  and 
industrial,  agricultural,  military,  and  recreational  uses  grow.   As  the 
water  supplies  of  the  Western  United  States  are  strained  due  to  increased 
consumption  and  pollution,  it  is  probable  that  less  will  be  allocated  to 
agriculture,  and  more  will  go  for  domestic  and  industrial  use.   New 
irrigation  systems  may  not  significantly  contribute  to  arid  land 
settlement  for  long,  and  the  changes  in  land  use  that  may  follow  could 
negatively  affect  the  quality  of  the  land  (figure  27). 

In  the  United  States,  10  percent  of  the  developed  cropland  (42  million 
acres)  is  irrigated.   During  1975,  50  bgd  (billion  gallons  per  day)  of 
groundwater  were  used  for  this  purpose,  representing  roughly  A0%  of  the 
total  fresh  water  used  for  irrigation  in  the  country.   Taking  into 
account  that  agricultural  exports  are  in  the  range  of  $20  to  $25  billion 
per  year,  with  particular  Interest  in  specialty  crops,  it  is  evident  that 
any  detrimental  change  in  the  supply  of  the  water  and  the  conditions  of 
the  soil  needed  to  maintain  such  activities  could  have  serious 
consequences.   On  the  other  hand,  in  the  United  States  today  7.5  bgd  of 
water  or  2.5%  of  all  withdrawals  are  used  by  minerals  Industries  (metals, 
nonmetals,  and  fuels).   Water  withdrawals  for  fuel  mining  and  processing 
constitute  about  36%  of  the  total  withdrawn  by  the  mineral  industry,  but 
the  consumptive  use  is  62%  of  the  total  mineral  water  consumption.   Coal 
and  oil  shale  mining  and  processing  are  and  will  be 
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mainly  located  in  arid-semlarid  regions  (a  very  important  one  being  the 
Upper  Colorado  region)  creating  heavy  competition  between  this  and  other 
interests  for  the  allocation  of  water  resources. 

Water  mining  is  increasing  at  an  accelerated  rate,  largely  due  to 
agricultural  and  settlement  uses.   Overdrafts  in  the  Texas  region  alone 
amounted  to  78  percent  of  the  withdrawals,  50  percent  in  the  Lower 
Colorado  region,  and  30  percent  in  the  Rio  Grande  region.   In  central 
Arizona,  groundwater  levels  are  declining  from  7  to  10  feet  per  year. 
The  future  facing  these  regions  is  indeed  uncertain,  given  the  high 
probability  of  rapid  groundwater  depletion,  even  if  the  rate  of  water 
mining  is  maintained  at  the  present  levels.   This  can  certainly  affect 
the  quality  of  the  land  and  future  land  uses. 

Aside  from  the  expected  population  growth  in  the  United  States,  an 
internal  migration  from  the  "Snow  Belt"  to  the  "Sun  Belt"  is  occurring  at 
an  increasing  rate,  with  a  popular  preference  for  the  dry,  warm  climate 
of  the  Central  and  Southwestern  States.   One  impact  of  this  trend  is  that 
a  projection  for  the  year  2000  is  of  an  increment  in  water  withdrawals 
and  in  the  water-consumptive  use  of  up  to  50  percent  of  the  1975  values 
for  the  Colorado,  California,  Rio  Grande,  Great  Basin,  and  Texas  Gulf 
regions.   Today  the  total  freshwater  withdrawals  in  these  regions  are 
between  80  and  90  l<gd,  representing  26  percent  of  the  total  withdrawals 
in  the  Nation,  60  percent  of  which  comes  from  surface  water. 

The  projected  nore-intensive  use  of  the  available  surface  and  groundwater 
supplies  present  quality  problems  that  will  become  critical,  requiring 
growing  capital  outlays  and  improved  technology  to  solve.   It  is 
estimated  that  by  the  year  2000,  there  will  be  a  deficiency  in  water 
supply  for  California's  urban  and  agricultural  demands  totaling  over  two 
million  acre-feet  per  year  (Gertsch,  1977).   All  these  figures  show  in 
some  measure  the  intense  interaction  between  the  water  resources  of 
arid-semlarid  regions,  other  natural  resources,  and  human  activity;  the 
far-reaching  consequences  of  changes  in  the  existing  water  supply-demand 
system;  and  the  probability  of  desertification. 

Instream  flow  uses  can  also  compete  between  themselves,  and  inadequate 
instream  flow  may  adversely  affect  recreational  activities,  hydropower 
generation,  navigation,  waste  assimilation,  and  aquatic  life.   Such  low 
flows  can  be  caused  by  excessive  depletion,  diversion,  and  operation  of 
reservoir  storage  for  offstream  project  purposes  such  as  irrigation, 
thermal  power  generation,  export  to  adjacent  basins,  municipal  and 
industrial  water  supply,  peaking  hydropower,  and  flood  management.   These 
uses  may  affect  the  hydrologlcal  cycle  in  the  area  and  in  turn  its 
biological  carrying  capacity. 

3.   Social  and  Economic  Factors 

The  land  uses  depicted  in  Figure  27  implicitly  present  the  social  and 
economic  factors  influencing  desertification  dynamics. 


-69- 


a.   Social  Factors:   In  the  expanding  "urban  oases"  of  the  Western 
States,  especially  In  the  Sunbelt,  the  socio-cultural  transformations 
that  may  result  pose  some  Important  propositions  such  as: 

o   The  changing  social  environment,  resulting  from  rapid 

urbanization,  sprawl.  Increasing  densities,  and  Industrialization 
may  affect  the  vulnerability  of  larger  population  segments  to 
desertification; 

o   Responses  to  desertification  are  becoming  quite  complex  as  more 
Interdependent  systems  are  affected; 

o   There  is  a  need  for  more  aggressive  strategies  requiring 

incentives  for  comprehensive  natural  resource  development  as  part 
of  long-range  policies;  and 

o   There  must  be  a  broader  mobilization  of  institutions  and  people 
in  order  to  accommodate  adaptive  policies  for  resource 
scarcities, climatic  vagaries,  and  future  environmental 
uncertainties. 

Some  of  the  questions  that  should  be  answered  so  as  to  cope  with  the 
special  problems  posed  by  this  ongoing  growth  relate  to  the  following 
concerns: 

o   The  description  of  the  stresses  that  are  and  will  be  taking  place 
in  the  United  States  drylands; 

o   The  description  of  the  changing  social  arena  of  the  West,  with 
its  variety  of  regions,  cultural  practices,  and  historical 
influences; 

o   The  implications  of  changing  settlement  pattern;  and 

o   The  changing  socio-economic — thus  political — circumstances  of  the 
growing  population,  especially  the  migrants  coming  from  more 
hunid  cultures. 

Ecosystems  that  are  impacted  or  stressed  by  increasing  populations  and 
diversified  activities  result  in  a  changed  or  "new"  environment,  and  a 
new  equilibrium  of  ecological  and  social  conditions  results.   In  these 
evolving  ecosystems,  droughts  and  desertification  are  not  strictly 
physical  phenomena,  but  parts  of  an  interplay  between  natural  variations 
in  available  precipitation  and  some  human  use  systems  which  are  sensitive 
to  them. 

The  central  question,  then,  is:  What  is  the  carrying  capacity,  and  what 
are  the  growth  limits  in  a  functioning  ecosystem  where  supply  and  demand 
are  changing? 
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NATURAL  RESOURCES  PROBLEMS 


Supply 


1.  Resource  limitation 

2.  Technological  limitations 

3.  Economic  and  political 

limitations 
A,  Socio-cultural  limitations 


Demand 

1.  Population  growth 

2.  Economic  growth  in  general 

3.  Waste 

A.   High  natural  resource 
consumptive  lifestyle 


These  changing  conditions  can  be  seen  both  as  threats  and  as 
opportunities  for  developing  resource  policies  which  recognize  the  needs 
of  the  country  in  the  balancing  of  three  important  dimensions: 

(a)  efficiency,  or  the  growth  of  material  development  so  that  a  solid 
basis  of  economic  sufficiency  may  be  maintained; 

(b)  equity,  or  fair  access  of  resources  and  consumption  to  different 
segments  of  the  population;  and 

(c)  effectiveness,  or  the  overall  significance  of  any  policy  vis-a-vis 
the  pursuit  of  certain  larger  social  goals. 

In  the  balancing  of  supply  and  demand,  or  between  development  and 
preservation,  a  systematic  accounting  of  the  alternatives  to  be  pursued 
and  their  far-reaching  consequences  must  consider  the  following 
questions: 

(1)  What  kinds  of  new  ecological  and  social  equilibria  will  result 
from  any  given  resource  development  program? 

(2)  What  are  the  long-term  commitments  in  terms  of  environments  used 
and  resources  consumed? 

(3)  What  is  the  local,  regional,  and  national  significance  of  those 
commitments  in  terms  of  values  and  goals  of  various  interests  at 
each  level? 

(4)  What  are  the  long-term  consequences  of  proposed  plans  for  the  use 
of  resources?   (Vlachos,  1980) 

It  has  been  suggested  that  to  address  the  issues  a  separation  should  be 
made  between  "crisis  management,"  which  is  a  response  to  short-range 
challenges  and  immediate  events,  and  "risk  management,"  that  indicates  a 
much  more  flexible  and  long-range  policy  of  accommodation  to  a  changing 
and  uncertain  environment.   The  range  of  recent  developments  points  out 
that  the  changing  environment  in  the  Western  United  States  is  a  young 
ecosystem,  responding  to  new  sources  of  stress  and  strain.   Further, 
competing  and  conflicting  interests,  shifts  in  populations,  new  social 
activities,  hard  decisions  in  allocating  scarce  resources,  respect  for 
native  rights,  and  equitable  cost  distribution  all  require  much  more 
complex  social  policies  and  planning. 
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Comprehensive  resource  nanagement  guaranteeing  development,  survival,  and 
fulfillment  is  an  additional  call  for  avoiding  loss  or  deterioration  of 
highly-valued  natural  resources  and  enviroment  by  considering  the  wishes 
of  both  earlier  settlers  and  newer  arrivals,  as  well  as  the  interests  of 
the  region  and  of  the  Nation  as  a  whole. 

b.   Economic  dynamics:   Frequently  human  activities  can  indirectly 
contribute  to  desertification.   Examples  of  such  factors  are:   unexpected 
side  effects  of  administrative  or  fiscal  State,  regional,  or  national 
policy,  rising  local  expectations  and  local  economic  demand,  or  changes 
In  market  conditions  in  regional  centers.   Areas  vulnerable  to 
desertification  are  generally  (though  not  always)  relatively  sparsely 
populated,  and  their  economies  are  exposed  to  the  effects  of  dynamic 
social  and  economic  events  of  areas  with  denser  populations,  of 
investment  centers,  and  of  political  capitals.   Local  changes  caused  by 
pressures  of  growing  population  and  needs,  whether  direct  or  indirect, 
may  result  in  changes  in  land-use  patterns,  in  the  effective  use  of 
resources,  and  in  changes  of  the  economic  base  and  distribution  of 
wealth. 

The  process  of  economic  raarginallzatlon  can  be  utilized  as  an  indicator 
of  lowering  quality  in  the  resource  base.   There  is  a  tendency  for 
investments  in  arid  areas  to  be  self-reinforcing  factors  of  lower  income 
and  lower  population  density,  creating  the  predisposing  conditions  for 
lower  levels  of  Investment.   A  trend  toward  more  development  makes  the 
peoples  of  the  vulnerable  areas  more  dependent  on  investment  from 
outside. 

In  the  United  States,  the  well-developed  census  system  permits  monitoring 
the  income  of  farmers  as  an  economic  group.   Since  it  measures  the 
reality  of  resources  available  to  meet  felt  needs  and  financial 
obligations,  a  fluctuation  in  cash  income  indicates  the  ability  of 
farmers  to  hold  on  to  their  farms  and  may  suggest  the  degree  of  risk  and 
damage  to  the  environment  they  are  willing  to  accept  in  order  to  do  so. 

The  difficulty  of  evaluating  the  economic  factors  that  affect  the 
desertification  processes  is  that  the  costs  to  be  paid  when 
desertification  damages  occur;  the  investments  to  be  made  to  prevent, 
arrest,  and  ameliorate  desertification;  and  the  benefits  resulting  from 
these  measures  cannot  be  readily  handled  by  present  analytical  methods. 
(Duncan,  1979) 

Of  the  many  questions  to  be  asked  with  regard  to  the  real  price  of 
desertification,  these  are  but  a  sample: 

-In  the  United  States  drylands,  do  all  the  true  Inputs  balance  the 
outputs?  Would  taking  the  financial  bias  out  of  the  system  make  a 
difference? 

-How  much  does  it  cost  the  region  and  the  Nation  to  use  up,  in  the  short 
term,  certain  natural  resources  of  the  area — in  effect  reducing  the 
long-tern  yield? 
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-  What  Is  the  impact  of  the  changes  In  the  size  of  agricultural  holdings 
brought  about  by  desertification  on  the  local,  regional,  and  national 
economies? 

-  What  is  the  value  of  the  "pristine  environment"  and  of  unique  sites? 

-  What  is  the  economic  significance  of  converting,  through  excessive  use, 
a  renewable  resource  to  a  nonrenewable  condition,  e.g. ,  mining  of 
groundwater? 

-  What  are  the  benefits,  if  any,  between  preventive  and  remedial  actions 
where  environmental  quality  is  concerned?  An  example  would  be  to 
compare  the  costs  of  re-establishing  the  vegetative  cover  in  parts  of 
the  Rio  Grande  basin  against  the  water  treatment  costs  necessary  to 
remove  sediments  and  salt  loads  so  as  to  comply  with  EPA  regulations? 

-  What  are  the  effects  of  air  quality  on  the  health,  social,  and  economic 
conditions ■ of  populations  impaced  by  desertification,  and  how  much  does 
this  cost  society? 

-  What  are  the  economic  consequences  of  conservation  practices  for 
various  land  uses  when  using  short-and  long-terra  time  horizons?   (See 
figures  28  and  29.) 

F.   Inventory,  Monitoring,  and  Trend  Determination 

Introduction 

Processes  described  in  Section  IID  contributing  to  changes  in  the  quality 
and  productivity  of  arid  and  semiarid  lands  can  be  observed,  measured, 
and  assessed.   However,  overall  conditions  currently  are  often  described 
in  inadequate  terms.   There  is  a  recognized  need  for  improved  methods  of 
data  gathering,  conversion,  and  analysis,  and  for  useful  reporting 
systems  on  the  status  of  areas  prone  to  desertification.   Whether 
conditions  are  worsening  or,  under  effective  mitigating  procedures, 
showing  improvement  is  of  primary  importance  to  measure  the  effectiveness 
of  the  actions  taken  and  of  the  technologies  applied.   Inventories  are 
useful  in  supplying  the  necessary  baseline,  but  sustained  monitoring 
programs  will  need  to  be  instituted  to  record  changes  and  determine 
long-range  trends. 

On  April  28,  1981,  speaking  before  a  House  Subcommittee,  Interior 
Secretary  Watt  stated  that  the  Nation  must  undertake  a  full  inventory  of 
all  its  natural  resources.   He  added  that,  "With  all  of  America's 
greatness,  we  still  do  not  know  the  full  extent  of  our  mineral  values, 
our  agricultural  values,  our  agricultural  potential  ..."  A  principal 
State  Department  spokeman  for  environmental  affaris.  Deputy  Assistant 
Secretary  Marshall,  in  a  speech  delivered  March  26,  1981,  argued  for  the 
"urgent  need  to  improve  the  data  base  required  to  plan  and  assess 
management  programs  across  a  wide  range  of  resource  and  environmental 
areas."  In  the  same  statement  Marshall  noted  the  world  problem  of  losses 
in  valuable  cropland  caused  by  such  factors  as  "desertification,  erosion, 
waterlogging,  and  soil  salinization."  Secretary  of  Agriculture  Block  has 
recently  spoken  of  the  need  to  address  the  continued  loss  of  cropland  in 
this  country. 
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1.  Data  Base  and  Inventory 

The  area  of  the  United  States  vulnerable  to  desertification  is  a  discrete 
geographic  area  which  can  be  classified  according  to  a  broad  synthesis  of 
climate  and  dominant  physical  and  biological  characteristics.   (See 
Appendices  D,  E,  and  F.) 

Identification  of  its  natural  boundaries  assists  the  preparation  of  data 
bases  for  resource  inventory.   It  defines  the  area  for  purposes  of 
Information  storage  and  retrieval  on  identified  targets  so  that  changes 
and  trends  can  be  monitored  and  focused  on  specified  indicators. 

It  is  Important  to  distinguish  between  Inventory,  the  description  and 
evaluation  of  basic  resources  and  characteristics  of  the  land,  and 
monitoring,  which  provides  a  means  of  assessing  the  dynamics  of  change  in 
the  land  and  its  resources. 

The  Bureau  of  Land  Management  (BLM)  Rangeland  Inventory  Analysis  (draft 
dated  Dec.  12,  1980)  for  example,  regards  inventory  as  both  a  short-terra 
tool  for  making  management  decisions  and  a  long-tern  means  for 
establishing  a  base  for  monitoring  the  effectiveness  of  management 
decisions.   It  also  considers  that  inventory  data  should  not  be  static 
but  should  become  more  accurate  as  monitoring  data  is  continually  added 
to  the  data  base.  Considerations  of  cost,  effectiveness,  and  degree  of 
Intensity  appropriate  for  different  management  purposes  are  addressed  in 
this  manual. 

While  Federal,  State,  and  local  agencies  have  conducted  land  inventories 
for  specific  purposes,  assessment  of  desertification  status  has  been 
Impeded  by  the  absence  of  agreed  standards  and  objectives  and  of  suitable 
data  collection.   The  available  methods  are  generally  not  geared  to 
determine  whether  observed  changes  in  the  quality  of  land  use  are  the 
result  of  human  activity  or  are  related  to  natural  processes.   Improved 
techniques  are  needed  for  determining  long-term  trends,  such  as  climatic 
patterns,  as  well  as  methods  for  understanding  the  shorter-term  impacts 
and  consequences  of  resource  utilization. 
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2,  Monitoring  Principles 

Three  compelling  reasons  for  establishing  monitoring  systems 
applicable  to  identifying  and  measuring  desertification  are: 
greater  scientific  understanding;  increased  public  awareness;  and 
the  ability  to  take  responsible,  appropriate  action.  A 
comprehensive  system  that  would  include  a  multidisciplinary, 
multijurisdictional  assessment  of  environmental  changes  would  have 
widespread  applicability  to  resolving  these  and  related  concerns 
and  would  describe  the  nature  and  pace  of  these  changes.   A  number 
of  State  governments  have  adopted  or  are  instituting  effective 
earth-based  information  systems  which  can  accommodate  relevant 
types  of  data.  New  tools  for  observation,  notably  remote  sensing 
and  rapid  data  management,  will  make  possible  repetitive 
surveillance  of  the  vast  dry  and  largely  barren  areas  where  it  has 
not  been  cost-effective  in  the  past  to  prepare  adequate  data  bases 
or  to  periodically  revisit  to  determine  changes. 

General  principles  governing  the  collection  and  use  of  data 
include: 

-  Quality  assurance  of  the  data  is  to  be  maintained  through 
standardization  and  constant  auditing. 

-  The  several  types  of  data  collection  -  ground  satellite  and 
aerial  -  must  produce  data  which  will  be  complementary  and 
applicable  at  several  levels  from  local  to  regional  to 
national. 

-  Local  participation  in  the  collection  and  analysis  process 
will  assure  more  useful  data  and  greater  willingness  to  take 
corrective  action  where  indicated. 

-  Data  must  be  developed  and  stored  in  ways  to  be  quickly 
available  in  a  user  -  oriented  form. 

-  Monitoring  and  inventory  procedures  should  be  designed  to 
facilitate  incorporation  of  data  into  a  larger  data  base  for 
land  management. 

-  The  dissemination  of  monitoring  data  must  be  directed  toward 
providing  incentives  for  National,  State,  local  governments 
and  private  interests  to  implement  and  maintain  corrective 
and  preventative  measures. 

The  results  of  contemporary  inventory  and  monitoring  can  be 
complemented  by  comparison  with  available  historical  data,  and  by 
incorporating  data  from  other  sources  outside  the  area  of  concern. 
For  further  discussion  see  Appendix  M. 

3.  Coordinating  Environmental  Data 

Reliable  and  comprehensive  monitoring  requires  coordinated  data 
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collection,  processing  and  analytical  techniques,  as  well  as 
agreement  among  disciplines  and  jurisdictions  on  criteria  and 
format  to  be  used.   This  is  essential  to  determine  the  existence 
and  extent  of  desertification  and  the  effectiveness  of  possible 
remedial  or  mitigating  actions.   A  number  of  Federal,  State,  and 
local  agencies  have  responsibility  to  provide  for  the  multiple-use 
management,  protection,  and  development  of  the  arid  and  semiarid 
lands  of  the  Western  United  States.   These  organizations  are 
already  engaged  in  various  forms  of  data  collection  and  monitoring 
and  specific  statutory  authority  governs  the  type  and  purpose  of 
information  gathering.   Recent  progress  in  standardizing  monitoring 
systems  has  been  evidenced  through  interagency  agreements  to 
facilitate  improved  inventory  information  exchange  and  better  State 
and  Federal  coordination,  as  well  as  a  start  toward  development  of 
common  classification  schemes. 

A,  Limitations  of  Existing  Monitoring  Procedures 

Environmental  monitoring  for  large  regions  presently  is  difficult 
to  accomplish  at  acceptable  costs  using  conventional  surveys. 
However,  supplementing  ground  collection  with  remote  sensing 
systems  shov;s  promise  for  future  coverage  of  large  regions 
efficiently  and  economically.   Some  programs  have  demonstrated  the 
feasibility  of  interagency  ancillary  data,  particularly  early 
digital  terrain  data,  with  Landsat  data. 

Recent  studies  by  Federal  and  State  groups  have  examined  domestic 
capabilities  for  environmental  inventorying  and  monitoring.   A 
general  comment  has  been  that  quantities  of  specialized  data  are 
collected  in  a  multitude  of  formats  on  specific  environmental 
topics.   Coverage  tends  to  be  spotty,  with  concentration  of  data  on 
areas  of  apparent  greater  economic  potential.   However,  there  has 
been  increased  emphasis  on  presenting  information  in  a  total  or 
holistic  form. 

Another  major  area  of  concern  is  that  inadequacies  in  data 
collection  have  resulted  in  delay  in  Federal  projects,  redundancy, 
and  poor  coordination  with  State  programs. 

5.   Indicators  of  Desertification 

The  complex  processes  affecting  desertification,  discussed  in 
earlier  sections,  can  be  understood  and  measured  provided  that  they 
are  based  on  an  agreed-upon  multl-  and  interdisciplinary  set  of 
critical  indicators.   This  need  was  recognized  in  the  course  of 
studies  accompanying  the  United  Nations  conference  of  1977  and 
afterwards  in  follow-up  activities.   Studies  of  indicators  prepared 
by  Clark  University  and  the  Association  for  the  Advancement  of 
Science  agree  that:  (a)  indicators  should  provide  a  diagnostic 
index  of  the  extent  and  intensity  of  the  process,  (b)  useful 
Indicators  should  distinguish  among  natural  and  human-induced 
phemonmena  affecting  desertification,  and  (c)  indicators  should 
provide  not  only  evidence  of  desertification  having  occurred,  but 
also  be  the  main  components  of  a  warning  system. 
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Some  principles  for  Indicators  are  that:   (1)  they  should  be 
directly  measurable;  (2)  the  unit  of  geographic  reference  must  be 
specified  (whether  one  meter  or  transcontinental);  (3)  the  stage  of 
desertification  should  be  specified,  recognizing  that  phases  of 
desertification  range  from  mild  effects  to  practically  irreversible 
conditions;  and  (4)  quantitative  and  qualitative  standards  must  be 
associated  wherever  possible. 

The  importance  of  an  agreed-upon  set  of  indicators  is  based  on  the 
need  to  avoid  overaccunulation  and  underanalysis  of  data  both 
because  of  cost  considerations  and  the  adverse  effects  of 
overloading  analysts  and  decisionmakers.   It  Is  also  necessary  to 
provide  sets  of  indicators  reflecting  regional  differences  both  in 
physical  parameters  and  in  social  institutions.   To  facilitate 
practical  monitoring  programs,  representative  sample  areas  to  serve 
as  readily-observed  benchmarks  or  "control"  sites  should  be 
identified. 

Three  sets  of  linked,  critical  indicators  were  defined  by  the 
Nairobi  Seminar  on  Desertification.   They  are  presented  here  and  in 
the  accompanying  tables,  in  simplified  form  under  the  broad 
headings:  (1)  physical;  (2)  biological/agricultural;  and  (3) 
social.   In  addition  to  indicator  classes,  figures  30,  31  and  32 
also  show  sources  of  observations  or  data,  for  example,  on  ground 
or  remote  sensing,  desired  frequency  of  observation,  and  background 
data  variables. 

This  list  of  indicators  has  been  modified  in  this  study  for 
adaptation  to  the  situation  currently  prevailing  in  the  United 
States.   Thus,  physical  indicators  include  climate,  soil,  land 
forms,  and  water;  biological  factors  include  flora  and  fauna;  and 
social  indicators  address  population  dynamics,  economic  dyamics, 
and  production  or  economic  uses  of  the  land.   A  brief  discussion  on 
the  significance  of  principle  indicators  for  desertification 
follows. 

a.  Landforms 

There  are  a  variety  of  landforms  which  reflect  the  effect  of  water 
and  wind  on  the  surface  of  the  earth.   Features  include  sheet 
erosion,  rills,  and  gullies.   Important  indicators  include  arroyo 
cuts  and  fills,  dune  formation  and  migration,  yardang  (irregular 
ridges  formed  by  aeolian  erosion)  formation,  playa  growth  and 
dessication,  pediment  processes,  and  mass  wasting. 

b.  Soil 

The  washing  away  or  blowing  away  of  soil  is  an  important  indicator 
of  desertification  which  is  regulary  measured  both  in  site  and  in 
transport.   Hydrologlcal  data  on  suspended  sediments  have  been 
recorded  for  parts  of  the  Southwestern  United  States  for  many 
decades.  Some  of  the  quality-of-soil  indicators,  also  listed  in 


-79- 


Figure  30    Biological/Agricultural  Indicators  (Revised) 


Indicator  Class 


Sources  of  Data 


Frequency  of 
Observation 


Background 
Data  Variables 


Vegetation 
Cover 


production 

X   of  bare  ground/ 
ground  cover  in 
dry  season:  aerial 
photos  and 
observation, 
remote  sensing 


annually  and 
seasonally 


X   of  ligneous/ 
herbaceous  plants 

X   annuals/ 
perennials 


Above-ground 
bloDass 


chlorophyll 
content:  rcDote 
sensing 

production 
transects  and 
quadrats:  ground 
sample  and  lab 
analysis 

preservation  plots 


monthly/ 
seasonally 

3-10  year 
Intervals 

long-term 
measure 

short-term 
index 


net  assiniilation 

cliiuate 

soil  type 

erosion 

belov-ground 
biomass 

X   of  ligneous/ 

herbaceous  plants 


Key  species 


potential  vegeta- 
tion communities 

records,  manuals 

ground  observation 
of  transects 

utilization  levels 
vith  known  animal 
populations 


list 

compilation: 
6  mos.  -  1  yr. 

observation: 
seasonally 


range  ecological 
condition  and 
trend 

the  effect  of 
utilization  by 
different 
animals 


Yield 


grams  of  dry 
weight/square 
meter/year  or 
season 


annually  or 
seasonally 


short-term  effect 
of  fertilizers 

yield  by  species 
of  plants  in  clisax 
coBCBunity  and  serai 
community  desired 
on  the  site 
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Figure  30  -  Continued 
Biological/Agricultural  Indicators  ^Revised) 


Indicator  Class   ' Sources  of  Data 


Frequency  of 
Observation 


Background 
Data  Variables 


Animal 


Key  species  of 
wildlife: 
frequency  and 
distribution 


arthropods 

snail  mammals  and 

birds 


annually  or 
seasonally 


relation  and 
competition  with 
domestic  herds 


Population  of 

domestic 

animals 


numbers  and 
distribution  of 
large  and  small 
stock  based  on 
livestock 
manageLient 
censuses 


annually  or 
seasonally 


carrying  capacity 
of  range;  physical 
and  vegetation 
indicators 


Herd 
composition 


composition  of 
herds 


annually  or 
seasonally 


physical  and 
vegetation  indicators 
determine  diverse 
types  of  forage 
available.  Variations 
in  rainfall 


Production 


live  weight  of 
animals  at  market 

milk,  meat 


annual 

statistical 

review 


purchase  of 
supplementary  cereals 


Modified  from  Reining,  handbook,  1978. 
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Fio'jre  31 :     Physical    Indicstors  of  Desertification 


Indicator  Classes 


Source  of 
Observation 


Frequency  of 
Observation 


Background  OaIi 
Variables 


L&ndfom 


Soil   Indicstcrs 
Effective  soil 
depth  (cr.anges 
indicate  soil 
removal  end 
sediF:entation) 

Soil  crgsnic 
r.atter 


Crusts 


Dust,  duststorms 
sr.c  sandstorms 


Ssliniiation, 
Alkcliiation 


Ground  and 
remote 

Ground  and 
remote 


Ground 
(permits 
estimate  of 
organic  matter 
by  inference 
from  color) 

Ground  and 
remote 

Ground  and 
remote 


Ground 


Annually 


Monthly  • 
Annual ly 


Monthly  - 
Annually 


Monthly  - 
Annually 

Daily 


Monthly  - 
Annually 


Soil  and  rock 
type 

Rainfill 
Slope  of  land 
Soil  texture 
Soil  structure 
Wind  speed,  etc, 


Wmdspeed 
Temperature 
Soil  structure 
Geomorphclogy 


Climate 


Keter  Indicators 
Water,  ground 
depth  and  quality 

Water,  standing 
open 

Status  of 
drainage 


Ground  and 
remote 

Ground 


Ground  and 
remote 

Ground  and 
remote 


Daily 


Monthly  . 
Annually 


Monthly  - 
Annually 

Monthly  - 
Annually 


Area,  tfepth 
and  turoldlty 

Water  flow  and 
sediment  load 


Modified  from  Reining,  Handbook,  1978. 
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Fiqj'-e  32:     Social   Indicators  of  Desertification 

Social   indicators  described  in  Hendbook  on  Desertification  Indicators, 
modified  for  United  States  application. 

Changes  in  land  use 

Irrigation 

Dryland  agriculture 

Rangeland 

Mining 

Tourism  and  recreation 

Setilenent-  patterns 

New  and  sudden  expansion  of  settlement 
Diversification  of  settlement 
Settlement  decline  and  abandonment 

Hunan  biological  parameters 

Population  structure  and  rates 

Public  health  indices  and  nutritional   status 

Social   process  pare"-;eters 

Redistribution  patterns 
income  patterns 


Modified  from  Reining,  Handbook,  1978. 
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figure  30,  are  depth,  organic  content,  crusts,  and  salinity. 
Degradation  of  soil  may  occur  in  progressive  stages  requiring 
different  sets  of  indicators  to  monitor.   For  example,  an  increase 
in  salts  or  alkalis  affects  vegetation,  microorganisms,  and  ph,  and 
decreases  permeability  and  amount  of  useable  water.   In  advanced 
stages,  the  visible  manifestations  are  likely  to  be  white  or  gray 
surface  coloration  and  saline  crusts. 

c.  Climate 

Coordination  of  rainfall  information  with  other  information  on 
change  such  as  measures  of  bare  ground  and  dust  storms  are  provided 
through  a  number  of  services.   On  a  global  basis,  the  World  Weather 
Watch  (WWW)  gathers  climatic  data  from  synoptic  stations  which 
includes  cloud  cover,  vertical  temperature,  humidity,  snow  cover, 
land  surface  temperature,  precipitation,  and  so  on.  Major  abnormal 
weather  conditions  are  reported  weekly  by  the  National  Oceanic  and 
Atomospheric  Administration  (NOAA).   Solar  radiation,  ozone,  carbon 
dioxide,  and  sulphur  dioxide,  all  contributors  to  climate  and 
climate  change,  are  also  monitored  and  reported  by  NOAA.   l/hile  the 
reports  have  no  direct  link  to  desertification  processes,  the  data 
is  designed  to  help  land  managers  deal  with  declining  productivity. 
The  present  objective  of  climatologists  is  to  provide  long-term 
"benchmark"  data  in  order  to  direct  climatic  shifts.   Trends 
derived  from  studies  of  archeology,  paleontology,  and  dendro- 
chronology (tree  rings)  aid  in  determining  past  climates. 

d.  Water 

Continuing  declines  in  groundwater  levels,  the  degradation  of  water 
quality,  and  the  progressive  loss  of  soil  moisture  all  may  serve  as 
significant  indicators  of  the  process  of  desertification.   These 
indicators  are  monitored  by  continuing  groundwater  level 
measurements  in  wells,  chemical  analyses  of  well  water  samples,  and 
soil-moisture  content  measurements.   Drainage  and  the  magnitude  and 
continuity  of  water  flov/s  in  a  drainage  basin  (including  sediment 
load)  are  other  measurements  of  interest.   Irregular  flow  in 
streams  due  to  desertification  upstream,  changes  in  distribution 
and  amount  of  soil  absorption,  and  changes  in  runoff  volume, 
quality,  and  patterns  may  be  used  as  indicators  as  well. 

e.  Flora 

The  biological/agricultural  indicators  include  cover,  above-ground 
biomass,  yield,  and  the  distribution  and  frequency  of  key  species. 
One  of  the  most  important  biological  Indicators  is  the  change  in 
perennial  plant  cover  or  production.   However,  it  must  be  noted 
that  the  quality  of  plant  cover  must  be  recorded  since  brush  and 
weeds  may  be  present  in  large  quantities.   Above-ground  biomass 
consists  of  grasses,  forbs,  trees,  succulents,  and  shrubs.   Change 
in  plant  density  and  increase  in  the  relative  number  of  weed 
species,  xerophytic  species,  and  of  unpalatable  plant  species  may 
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be  Indicative  of  a  downward  trend.  Vigor  of  species,  grasses  for 
example,  is  important  to  observe.   However,  it  must  be  noted  that 
wildlife  may  benefit  by  species  no  nally  unpalatable  to  domestic 
livestock.   Prediction  of  trends  depends  upon  appropriate  sampling, 
taking  into  account  size,  production,  and  density  of  desired 
subject  vegetation  and  the  characteristics  of  particular  mixed 
stands. 

Using  vegetation  as  an  indicator  of  desertification  in  arid  areas 
has  special  difficulties  in  that  the  indicator  species  are  fewer  in 
number,  often  difficult  for  trained  individuals  to  recognize,  and 
even  more  subject  to  functions  of  extreme  weather  conditions  and 
other  natural  events  such  as  insect  infestation.   As  in  all 
Indicator  systems,  an  adequate  data  base  must  be  present  to 
establish  long  term  management  decisions. 

f .  Fauna 

Fauna  indicators  include  key  species  of  wildlife  as  well  as 
domestic  animal  populations.   Insects,  birds,  and  some  species  of 
small  animals,  partlculary  rodents,  can  be  identified  as  key 
indicators  of  desertification.   Population  of  domestic  animals 
encompasses  numbers  and  types  of  stock.   The  proportion  of  the 
number  of  animals  to  units  of  grazing  land,  or  range  carrying 
capacity,  is  normally  considered  to  be  site-specific.   The  concept 
of  carrying  capacity  in  renewable  resource  management  is  used  to 
indicate  the  level  of  sustained  use  at  which  the  resource  will  not 
be  permanently  damaged  or  its  productive  capacity  lowered.   There 
is  a  close  correlation  between  flora  and  fauna  indicators, 
especially  when  applied  to  rangeland  condition.   Since  a  high 
proportion  of  cattle  are  living  in  arid  or  seniarid  areas,  the 
rangeland  indicator  of  trend,  in  addition  to  condition  of  the 
soils,  is  the  presence  and  production  of  plants  in  relation  to  the 
production  by  species  in  the  climax  community  on  the  same 
ecological  site.   In  this  way,  flora  actually  determines  fauna. 
Finally,  in  another  context,  many  wildlife  species  are 
characteristic  of  desert  conditions,  and  trends  in  their  population 
are  also  Indicative  of  conditions. 

The  factors  dealt  with  above,  concerning  physical  and  biological 
indicators.  Interact  in  a  very  complex  way  with  "social"  variables, 
that  is,  the  wide  range  of  human  activities  which  impact  directly 
and  indirectly  on  the  range  of  environmental  attributes.   Figure 
32  has  broken  the  social  indicators  down  by  change  in  land  use, 
settlement  pattern,  human  biological  parameters,  and  social  process 
parameters.   As  pointed  out  in  The  Handbook  on  Desertification 
Indicators  (Reining,  1978),  "any  social  indicators  selected  are 
more  likely  to  be  suggestive  of  desertification  rather  than 
positive  proofs  of  its  existence."  Social  Indicators  assume  a 
temporal  dimension,  a  means  of  indicating  trends  in  human  land-use 
activities. 

Data  on  social  Indicators  must  be  site-specific.   Indicators  from 
different  areas  may  be  Integrated  or  used  for  spatial  references. 
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Indicators  should  also  be  capable  of  measuring  success  in  combating 
desertification. 

6.  Monitoring  and  Assessment  Systems  of  the  United  States 

Major  United  States  collection  systems  are  currently  collecting 
detailed  information  on  weather,  hydrology,  range  conditions,  and 
other  environmental  factors.   For  further  discussion  see  Appendix 
M. 

In  a  one-time  study  directed  by  the  Council  of  Environmental 
Quality  (March  21,  1980),  an  interagency  task  force  surveyed  U.S. 
monitoring  resources.   Major  areas  of  concern  included: 
coordination;  quality  assurance;  cross-media  analysis;  budget 
consideration;  redundancy;  and  land  use  data  issues.   The  task 
force  report  recommends  a  program  to  design  long-term  ecological 
measurements  and  improve  resource  data  reflecting  relationships 
between  human  impacts  and  long-term  natural  environmental 
processes. 

7.  The  Potential  of  Remote  Sensing  Systems 


A  significant  recent  development  was  the  Administration's  decision 
to  support  NASA  and  NOAA  in  their  budget  requests  to  proceed  from 
the  experimental  Landsat  phase  to  a  fully  operational  satellite 
system  with  consequent  assurance  that  timely  data  will  be  routinely 
available  to  Federal,  State,  and  local  users  by  the  end  of  the 
decade. 

The  interagency  national  High  Altitude  Photographic  (HAP)  Data  Base 
Program  is  obtaining  coverage  of  the  United  States  in  three  years 
with  high-quality  photography.   HAP  data  are  being  entered  into  the 
data  base  at  the  EROS  Data  Center,  Sioux  Falls,  South  Dakota. 
Periodic  updates  of  the  base  index  are  available  through  the  U.S. 
Geological  Survey's  National  Cartographic  Information  Center 
(NCIC).   The  high-altitude  aircraft  data  base  program  and  the 
global  Landsat  program  will  effectively  complement  one  another. 
Another  significant  advance  is  the  creation  of  programs  to  train 
State  and  local  users  in  the  application  of  these  new  data  and  to 
assure  the  quick  availability  of  data  at  a  reasonable  cost. 

G.   Conservation;   Programs  and  Practices 

Available  procedures  for  the  conservation  of  natural  resources  and 
control  of  desertification  are  based  on  these  elements:   (1) 
appropriate  legislation  at  the  Federal,  State  and  local  levels;  (2) 
institutional  arrangements  setting  up  cooperative  procedures  for 
agencies  with  jurisdiction  or  expertise  on  environmental  quality 
issues;  and  (3)  the  application  of  innovative  technology  for 
halting  desertification  processes  utilizing  incentives  whenever 
possible  and  bringing  about  their  possible  prevention  and 
abatement. 

The  existing  legal  and  institutional  arrangements  by  and  large 
provide  a  framework  for  cooperation.   However,  such  a  framework  is 
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not  always  used  to  Its  fullest  and  best  extent.   For  example,  It  is 
generally  accepted  that  the  main  water  problems  of  arid  and 
semlarid  lands  do  not  exist  because  of  technical  Incapacity,  but 
because  of  deficiencies  in  the  institutional  arrangements  and 
regulations. 

The  goals  and  values  of  closely-related  institutions  often  are  seen 
as  clashing.   The  trend  toward  greater  centralization  of 
government,  combined  with  a  heightened  concern  for  natural  and 
wildlife  resources,  has  fostered  competition  rather  than 
cooperation  between  the  States  and  the  Federal  Government.   Federal 
advocates  make  the  argument  that  theirs  is  the  broader 
jurisdictional  reach  and  that,  for  example,  populations  of  animals 
should  be  subjected  only  to  integrated  and  systematic  management  of 
a  sort  which  have  often  not  been  applied  at  the  State  level.   In 
rebuttal,  the  States  maintain  that  they,  after  all,  are  on  location 
in  the  field  with  the  personnel  and  the  initiative  to  deal  with  the 
problems  at  ground  level. 

A  brief  discussion  on  institutional  responsibilities,  existing 
legislation,  conservation  programs,  and  conservation  practices  and 
projects  follows. 

1.   Institutional  Responsibilities 

In  1978  the  Council  on  Environmental  Quality  prepared  a  compilation 
of  all  Federal  agencies  with  jurisdiction  by  law  or  special 
expertise  on  environmental  quality  issues.   The  list  is  organized 
into  four  broad  categories:   pollution  control,  energy,  land  use, 
and  natural  resource  management.   Under  each  category,  the  agency 
as  well  as  its  component  bureaus  are  listed  with  a  brief 
description  of  their  jurisdictions.   This  list  was  published  in  the 
Federal  Register,  October  19,  1979  (vol.  44,  no.  204)  and  is 
included  in  Appendix  K. 

At  the  Federal  level  alone,  more  than  25  agencies  have  some 
function  related  to  land  and  natural  resources  management.   Similar 
organizations  exist  at  the  State  level,  and  lists  of  such  agencies 
are  available  from  the  States.   It  has  been  found  that  the  priority 
and  support  given  to  conservation  programs  varies  greatly  from 
State  to  State,  even  v/ithin  the  same  region,  and  even  when  facing 
the  same  or  similar  problems.   Coordination  of  conservation  efforts 
and  of  resources  planning  and  management  among  and  within  Federal, 
regional,  and  State  agencies  has  been  far  from  ideal. 
Implementation  has  been  inconsistent.   Effective  arrangements  are 
available;  examples  include  several  river  basin  commissions. 
Education  and  incentives  could  encourage  cooperation. 

It  has  also  been  found  that  no  cohesive  land  and  natural  resources 
policy  exists  today.   In  part  this  fragmentation  is  due  to  the 
historical  origins  of  actions  and  policies,  to  the  diverse  goals  of 
the  various  Federal  agencies,  and  to  their  sometimes  conflicting 
missions.   These  missions  fall  into  four  main  categories: 
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management  of  lands;  pollution  control;  resource  development; 
andresource  protection/preservation  (Aspen  System  Corp.,  1979). 
Arguments  for  and  against  regional  planning  have  been  expressed, 
and  although  several  attempts  have  been  made  through  the  years, 
there  Is  as  yet  no  satisfactory  resolution. 

2.  Existing  Legislation 

A  summary  of  main  existing  land  and  natural  resources  laws  can  be 
found  in  Appendix  L.   In  some  instances  these  laws  encouraged 
(among  other  unsound  practices)  what  proved  to  be  overexpansion  of 
western  agriculture  and  cultivation  of  marginal  lands  and 
incentives  for  the  overuse  of  soil  and  water  resources.   It  appears 
however,  that  a  change  in  this  situation  is  imminent.   The  recently 
passed  PL  9798,  the  Agriculture  and  Food  Act  of  1981,  contains  a 
section  which  encourages  resource  conservation  measures  such  as 
conservation  tillage.   If  this  type  of  encouragement  proves 
successful,  possibly  stronger  incentives  for  conservation  measures 
will  follow. 

In  general,  land  and  natural  resources-related  legislation  responds 
to  some  environmental  crisis  or  to  a  manifest  national  need  and  is 
generally  remedial,  dealing  with  improvement  of  current 
unacceptable  conditions.   Preventive  measures  are  less  often 
legislated.   Enactments  Influencing  land  and  natural  resources 
policy  are  often  fragmented  and  single-problem  focused.   Only 
recently  has  the  multiple-use  concept  been  legislatively 
recognized,  with  the  intent  of  striking  a  balance  between 
conflicting  or  competing  land-use  interests.   This  is  proving  to  be 
a  difficult  task.   An  analysis  of  the  interplay  among  existing 
developmental,  regulatory,  and  protective  legislation  is  needed, 
together  with  an  assessment  of  their  effectiveness  singly,  when 
compared  with  one  another,  and  when  and  if  integrated. 
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3.   Federal  Conservation  Programs 

Listed  below  are  sorae  main  conservation  programs  identified  as 
beneficial  to  land  users  in  the  17  Western  States,  presented  by 
agency: 

a.   U«  S.  Department  of  Agriculture 

(1)   USDA  Action  Programs  for  Soil  and  Water  Conservation  (USDA, 
1979) 

Agricultural  Stabilization  and  Conservation  Service  (ASCS) 

Agricultural  Conservation  Program  (ACP) 

Water  Bank  Program 

Emergency  Conservation  Measures 

Farmers  Home  Administrative  (FmHA) 

Association  Loans  for  Irrigation  and  Drainage  and  Other  Soil 

and  Water  Consfervation  Measures 
Resource  Conservation  and  Development  Loans 
Watershed  Loans 
Soil  and  Water  Loans  to  Individuals 

Forest  Service  (FS) 

State  and  Private  Forestry 
National  Forest  System 

Science  and  Education  Administration-Extension  (SEA-E) 

Land  and  Water  Conservation  Education 

Soil  Conservation  Service  (SCS) 

Conservation  Operations-Technical  Assistance  (COP) 

Watershed  Operations 

Flood  Prevention  Operations 

Emergency  Watershed  Operations 

Resource  Conservation  and  Development  Program 

Great  Plains  Conservation  Program 

Rural  Clean  Water  Program 

Rural  Abandoned  Mine  Program 

Resource  Appraisal  and  Program  Development 

(2)  USDA  Supporting  Programs  for  Soil  and  Water  Conservatlon- 
(1980) 
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Economics  Statistics  Cooperative  Service  (ESCS) 

Resource  Economic  Service 
River  Basin  Planning  Assistaiice 

Forest  Service  (FS) 

Forest  Research 
Science  and  Education  Administration-Agricultural  Research  (SEA-AR) 

Soll^  Water,  and  Air  Sciences  Research 
Science  and  Education  Administration-Cooperative  Research  (SEA-CR) 

Cooperative  Research  in  Agriculture  and  Forestry 

Soil  Conservation  Service  (SCS) 

Cooperative  River  Basin  Studies 

Watershed  Planning 

Inventory  and  Monitoring  Program 

Flood  Plain  Management  Assistance  Program 

Soil  Survey  Program 

Snow  Surveys  and  Water  Supply  Forescasting 

Plant  Materials  Center  Operations 

(3)  Pdrposes'ofDSDA'Soil  and  Water- Conservation- Programs  (1979) 

(Programs  below  pertain  directly  to  desertification 
amelioration  and/or  control*) 

Wind  Erosion  Habitat ' Development 

— Reduce  wind  erosion  —Improve  fish  habitat 

--Improve  upland  wildlife 
habitat 

Pastore/ Range' Prodoetl^ity  If figation- Water 'Managemeflt 

--Improve  vegetation  — Improve  distribution 

—Reduce  damage  by  livestock  efficiency 

— Increase  soil  moisture  availability  —Improve  water  use 

efficiency 
Cropland ' Pr odoe t ivity  — Reduce  irrigated  land 

erosion 
—Improve  soil  fertility  — Improve  quality  of  return 

— Increase  soil  moisture  flows 

— Improve  soil  fertility  — Reduce  salt  accumulation 

availability  — Improve  subsurface 

—Increase  tillage  and  structure  drainage 
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Water  Supply 

Watershed  Protection  —Increase  soil  moisture 

—Increase  ground  water 
—Reduce  sheet  erosion  supply 

—Increase  channel  stability  —Increase  surface  water 
—Reduce  gully  erosion  supply 

—Reduce  construction  area  erosion  —Prevent  water  pollution 
— Reduce  stream  sedimentation 
— Prevent  water  pollution 

Land  Reclamation 

— Restore  mined  areas 
— Improve  saline  soils 

Flood.  Control 

— Reduce  upland  runoff 
—Reduce  sedimentation 
—Reduce  floodwater  erosion 

Drainage 

— Reduce  excess  surface  water 
—Improve  subsurface  drainage 

b.   Other  Federal  Agencies 

The  Information  below  is  primarily  from  the  1980  Catalog  of  Federal 
Domestic  Assistance,  published  by  the  General  Accounting  Office* 
This  list  of  action  programs  in  not  all-inclusive  nor  is  the  order 
of  presentation  important* 

(1)  Department  of  the  Interior 

Office  of  Surface  Mining  Reclamation  and  Enforcement 
■—Abandoned  Mine  Land  Reclamation  Program 

Water  and  Power  Resource  Service 

— Irrigation  Systems  Rehabilitation  and  Betterment 

— Small  Reclamation  Projects 

— Planning  Program 

—Research  Program 

—Environment  Program 

—Environmental  Education  Program 

Fish  and  Wildlife  Service 

'-Animal  Damage  Control  Program 
—Environmental  Contaminant  Evaluation  Program 
— Wildlife  Restoration  Program 
—Endangered   Species  Conservation  Program 
—Habitat  Preservation  Program 
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Geological  Survey 

—Mineral  Resource  Investigation  Program 

— Mineral  Fuel  Investigation  Wograin 

— Regional  Geologic  Investigation  Program 

—Water  Resource  Investigation  Program 

— Management  of  Natural  Resources  on  Federal  and  Indian  Lands 

-•-Geologic  and  Hydrologlc  Principles »  Processes,  and  Techniques 

— Remote  Sensing  and  Advanced  Techniques 

—Land  Use  and  Environmental  Impact 
National  Park  Service 

— National  Environmental  Study  Areas  Program 

— Management  of  the  National  Park  System 

Office  of  Water  Research  and  Technology 

— National  Water  Research  and  Development  Program 

Bureau  of  Land  Management 

— Planning  and  Inventory  Coordination 
— Energy  and  Minerals  Management 
— Renewable  Resource  Management 
— Recreation  and  Environmental  Areas 
--Land  and  Realty  Management 

(2)  Water 'ResoQfces'Coancll 

— Water  Resources  Planning  Program 

(3)  Environmental" Protection  Agency 

—Air  Pollution  Control  Program 

— Water  Pollution  Control  Program 

— Solid  and  Hazardous  Waste  Management  Program 

— Environmental  Protection 

— Pesticides  Control  Program 

(4)  Department 'Of 'Energy 

— Research  and  Development  in  Energy  Conservation 

A.  Conservation' Praeticeg 

The  following  discussion  Is  not  Intended  to  be  an  assessment  of  the 
technology  available,  but  merely  a  description  of  the  existing 
approaches  to  and  Federally-funded  practices  for  conservation  of 
land  and  water  resources*   Some  practices  have  already  been 
discussed  In  Section  II. D. 

In  the  specific  case  of  methods  aimed  at  coping  with  arid  land 
degradation  problems,  two  general  approaches  utilizing  available 
technology  exist: 
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o  modification  of  the  physical  conditions  of  a  dry  region  to 
permit  greater  biological  productivity  (e.g.,  importation  of 
water);  and 

o  the  strengthening  and  promotion  of  actions  which  maximize 

efficient  use  of  the  arid  lands  (e.g. ,  careful  introduction  of 
new  varieties  of  drought-resistant  plants). 

The  effectiveness  of  any  applied  technology  is  generally  dependent 
upon  economic  and  environmental  considerations  and  of  people's 
expectations. 

The  following  partial  listing  of  technologies  applicable  to  arid 
region  problems  is  divided  arbitrarily  into  (1)  high-level,  high- 
cost  technologies  for  modifying   the  environment,  and  (2) 
intermediate,  adaptive  technologies. 

(1)  Environment-modifying  technologies,  such  as: 

o  Interbasin  water  transfer  facilities 

o  Exploitation  of  new  water  sources  by  such  devices  as  deep 

drilling 
o  Desalinization  plants 

o  Climatic  modification  through  prolonged  cloud  seeding 
o  Major  vegetation  modification  such  as  removal  of 

phreatopytes 

(2)  Adaptive  technologies,  such  as: 

o  Commercial  cultivation  of  traditional  desert  plants  such  as 

jojoba  and  guayule 
o  Genetic  improvement  of  crop  species  to  produce  greater 

resistance  to  salt  or  drought 

A  list  of  the  soil  and  water  conservation  practices  supported  by 
Federal  programs  is  presented  here.   This  list  was  prepared  by  USDA 
in  1977. 
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Access  road 

Bedding 

Brush  Management 

Channel  vegetation 

Chiseling  and  subsolllng 

Clearing  and  snagging 

Commercial  flshpcnds 

Conservation  tillage  system 

Contour  farming 

Contour  orchard  and  other 

fruit  area 
Cover  and  green  manure  crop 
Critical  area  planting 
Crop  residue  use 
Dam,  diversion 
Dan,  floodwater  retarding 
Dam,  multiple-purpose 
Deferred  grazing 
Dike 

Diversion 

Drainage  land  grading 
Emergency  tillage 
Farmstead  and  feedlot  windbreak 
Fencing 

Field  windbreak 
Firebreak 
Fish  raceway 
Fish  stream  Improvement 
Fishpond  management 
Floodwater  diversion 
Floodway 

Grade  stabilization  structure 
Grassed  waterway  or  outlet 
Grasses  and  legumes  In  rotation 
Grazing  land  mechanical  treatment 
Heavy  use  area  protection 
Hedgerow  planting 
Hillside  ditch 
Irrigation  canal  or  lateral 
Irrigation  field  ditch 
Irrigation  land  leveling 
Irrigation  pit  or  regulating 

reservoir 
Irrlfatlon  storage  reservoir 
Irrigation  system 
Irrigation  system,  tallwater 

recovery  2 


Irrigation  water  conveyance 

Irrigation  watet  management 

Land  clearing 

Land  smoothing 

Lined  waterway  or  outlet 

Livestock  exclusion 

Minimum  tillage 

Mole  drain 

Mulching 

Obstruction  removal 

Open  channel 

Pasture  and  hay  land 

management 
Pasture  and  hayland  planting 
Pipeline 

Planned  grazing  systems 
Pond 

Pond  sealing  or  lining 
Prescribed  burning 
Proper  grazing  use 
Proper  woodland  grazing 
Pumped  well  drain 
Pumped  plant  for  water 

control 
Range  seeding 
Reclamation  of  surface  mined 

land 
Recreation  land  grading  and 

shaping 
Recreation  trail  and  walkway 
Rock  barrier 
Row  arrangement 
Sediment  basin 
Spollbank  spreading 
Spring  development 
Stock  trails  and  walkways 
Streambank  protection 
Stream  channel  stabilization 
Strlpcropplng 

Structure  for  %iater  control 
Stubble  mulching 
Subsurface  drain 
Surface  drainage 
Terrace 

Toxic  salt  reduction 
Tree  planting 
Trough  or  tank 
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Vertical  drain 
Waste  management  system 
Waste  storage  pond 
Waste  storage  structure 
Waste  treatment  lagoon 
Waste  utilization 
Waterspreadlng 
Well 

Wildlife  upland  habitat 
management 


Wildlife  watering  facility 
Wildlife  wetland  habitat 

management 
Windbreak  renovation 
Woodland  Improved  harvesting 
Woodland  Improvement 
Woodland  pruning 
Woodland  Improvement 
Woodland  site  preparation 


Principal  Practices  for  Controlling  Nutrient  Loss  (EPA,  1980) 

-  General:   Eliminating  excessive  use  of  fertilizer 

"   Leaching  Control:  Timing  nitrogen  application 

Crop  rotation 

Using  animal  wastes  as  fertilizers 
Plowing-under  green  legume  crops 
Using  winter  cover  crops 
Controlling  fertilizer  release  or 
transformation 

-  Control  of  Nutrient  Runoff:  Using  legumes  In  pastures 

Controlling  surface  application  of 
fertilizers 

-  Control  of  Nutrient  Loss  by  Erosion:  Timing  fertilizer  plow-down 
Principal  Practices  for  Controlling  Rutroff 

-  No-tlll  planting 

-  Conservation  tillage 

-  Sod-based  rotation 

-  Winter  cover  crops 

-  Timing  of  field  operations 

-  Plow-plant  systems 

-  Contour  listing 

-  Change  in  land  use 
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A  brief  description  of  some  grazing  management  systems  that  are  at 
some  point  of  research,  development,  or  application  follows: 

1.  The  two  pasture  rotation  ("alternate")  ("South  African 
Switchback")  system  of  grazing  offers  little  or  no  benefit  from  the 
standpoint  of  livestock  gains  or  range  Improvement*  Most  authors 
doubt  that  the  system  Is  economically  justifiable. 

2.  The  three  pasture  rotation  offers  a  slight  disadvantage  to 
livestock. gains  and  some  advantage  to  Increased  pasture  yields  and 
Improve  pasture  condition.   Opinions  appear  to  be  divided  on  the 
economic  feasibility  of  this  system. 

3.  Rotations  of  4  pastures  or  more  -  available  literature  was 
insufficient  to  support  definite  statements  concerning  this  system. 
This  system  was  studied  with  dairy  cattle  In  a  6  pasture  rotation 
and  showed  Increase  In  livestock  gains,  milk  production  and  grazing 
capacity.  A  four  pasture  study  with  cows  and  calves  Indicated  that 
less  utilization  could  be  obtained  with  the  same  numbers  under 
rotation. 

4.  Deferred  rotation  and  rotational  deferment  -  again  there  were 
too  few  research  papers  to  support  conclusions.  Those  reviewed 
showed  an  advantage  in  livestock  gains.  However,  in  recent  years 
there  have  been  numerous  large-scale  evaluation  studies  which 
indicate  that  livestock  gains,  pasture  Improvement  in  both 
vegetation  and  soils,  and  net  returns  are  all  benefited  by  these 
systems. 

5.  Rest-rotation  -  all  authors  appear  to  agree  that  this  is  the 
best  long-range  grazing  system  from  all  aspects  of  the  livestock 
Industry.  The  method  appears  to  offer  the  greatest  net  returns  per 
dollar  of  investment. 

6.  Deferred  grazing  -  both  research  and  evaluation  studies  of 
this  practice  are  common.  The  -key  to  range  Improvement  apparently 
lies  in  the  amount  of  rest  provided  the  vegetation  by  deferment  of 
grazing  use  during  the  growing  season.  Rate  of  Improvement  appears 
to  be  related  to  frequency  and  duration  of  rest.  The  fastest  way 
to  improve  deteriorated  range  having  sufficient  cover  for  natural 
reseeding  Is  through  complete  growing  season  deferment. 


-  Great  Plains  Conservation  Program 

What  follows  Is  a  summary  prepared  by  the  Soil  Conservation 
Service,  USDA,  on  the  Great  Plains  Conservation  Program  (GPCP). 
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o  Authority  for  the  GPCP 

The  Soil  Conservation  Service,  U.S.  Department  of  Agriculture, 
administers  the  Great  Plains  Conse^rvatlon  Program  (GPCP)  by 
authority  of  Public  Uw  1021,  1956,  (8Ath  Cong.)  (16  U.S.C.  590  p), 
as  amended.   This  authority  terminates  September  30,  1981* 

o  Purpose 

This  program  gives  assistance  under  518  long-term  contracts  to  land 
users  In  designated  counties  of  10  Great  Plains  states.   Its 
purpose  is  to  provide  needed  protection  and  Improvement  of  soil, 
water,  land,  and  wildlife  resources  of  the  Plains  area,  which  is 
plagued  with  recurring  drought  and  wind  erosion  problems. 
Installing  complete  conservation  treatment  and  management  systems 
on  farms  and  ranches  helps  stabilize  individual  enterprises  and 
consequently  the  local  economy. 

o  Appropriations 

Congress  authorized  appropriations  of  $600  million  for  the  overall 
cost-sharing  program.   Cost-sharing  payment  cannot  exceed  $50 
million  in  any  program  year.  Of  the  annual  GPCP  budget,  60  percent 
Is  allocated  for  cost  sharing  of  33  soil  and  water  conservation 
practices  and  the  remaining  40  percent  for  technical  assistance  and 
administrative  costs. 

o  Coordination 

GPCP  is  coordinated  with  other  Federal,  State,  and  local  agencies 
through  established  State  and  county  GPCP  committees.   Soil 
Conservation  districts  review  all  contracts,  set  planning 
priorities,  and  serve  on  county  GPCP  committee. 

o  Practices  Authorized  for  Cost  Sharing  in  Most  Counties  - 

Establishing  permanent  plant  cover 

Field  strlpcropping 

Contour  strlpcropping 

Reseeding  grassland 

Establishing  trees  or  shrubs 

Establishing  permanent  waterways 

Terraces 

Diversions 

Grasslands  mechanical  treatment 

Erosion  control,   detention,  or   sediment-detention  dams 

Grade-stabllzatlon  structures 

Streambank  or  shore  protection 

Diversion  dams  and  spreader  ditches 

Reorganizing  irrigation  systems 

Leveling  land  for  irrigation 

Constructing  or  Improving  dams,   pits,  or  ponds   for  irrigation  water 
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Lining  Irrigation  ditches,  canals,  or  laterals 

Wells  Developing  springs  and  seeps 

Dams,  pits,  or  ponds 

Pipelines 

Controlling  competitive  shrubs 

Fences 

Critical  area  treatment 

Irrigation  tailwater  recovery  systems 

Lagoons  for  disposal  of  animal  wastes 

Grading  and  shaping  recreation  land 

Water  storage  facilities 

Catchment  basins 

Shallow-water  areas  for  wildlife 

Holding  ponds  and  tanks  (pollution  control) 

Special  practices 

o  Facts  About  the  Great  Plains  - 

Land  area.   The  Great  Plains  has  a  total  land  area  of  436  million 
acres*   Of  this  acreage,  237  million  acres  is  range  and  pasture; 
122  million  acres,  cropland  (16  million  acres  irrigated);  23 
million  acres,  woodland;  and  54  million  acres  other  types  of  land* 
(See  Figure  33*) 

Climate  date*  Average  annual  precipitation  ranges  from  15  to  20 
Inches.   The  freeze-free  period  ranges  from  110  to  210  days. 

Principal  products.  Principal  products  are  grass  and  hay,  wheat 
(60  percent  of  the  Nation's  supply),  cattle  (30  percent  of  the 
Nation's  supply),  sheep  (wool),  cotton,  and  corn* 

Number  of  farmers/ranchers*   There  are  about  297,000 
farmers/ranchers  in  the  Great  Plains  area. 

In  June  1980,  Congress  extended  the  Great  Plains  Conservation 
Program  (GPCP)  for  another  10  years.   The  Soil  Conservation  Service 
is  studying  ways  to  improve  the  program  and  is  evaluating  past, 
present,  and  future  environmental,  social,  and  economic  Impacts  on 
the  program*   Some  of  the  Issues  that  will  be  addressed  are  listed 
below* 

I.  The  Impact  of  the  Great  Plains  Conservation  Program* 

A*   Economic  and  social  impacts,  including  the  effect  on  the 
economic  stability  of  farms  and  ranches  in  the  Great 
Plalns-a  region  of  climatic  extremes*  Also,  the  effect  on 
net  farm  and  ranch  profits,  rural  development,  and  small 
farms* 

B.  Environmental  impacts.  Including  wildlife,  water  quality, 
and  air  pollution. 
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Figure        33 
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Source:  USDA/SCS,  Great  Plains  Conservation  Program 
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C.   Impacts  on  the  conservation  of  soil  and  water  resources. 

II.   The  need  for  any  new  program  initiatives,  direction,  or 
management  needed  to  improve  program  operations. 

III.   Any  problems  that  have  hindered  or  delayed  achievement  of 
GPCP  goals. 

IV.   Possible  alternatives  of  implementing  GPCP  in  more  efficient 
ways. 

-  The  Vale  Project 

The  Vale  Project,  the  largest  and  most  comprehensive  range 
improvement  project  ever  attempted,  is  often  cited  as  a  successful 
range  rehabilitation  project.   The  following  is  a  summary  of  the 
USDA/Forest  Service  report  Bulletin  PNW  70  (1977)  prepared  by 
Harold  F,  Heady  and  James  Bartolome. 

This  report  evaluates  the  large-scale  rangeland  rehabilitation 
program  in  the  Vale,  Oregon  District  of  the  Bureau  of  Land 
Management.   Sagebrush  in  combination  with  two  grasses,  the  native 
perennial  bluebunch  wheatgrass  and  the  introduced  annual 
cheatgrass,  dominates  the  vegetation  on  90  percent  of  the  60-  by 
175-mlle  (100-  by  180-km)  area  of  the  district.   Cold  winters  and 
dry  summers  characterize  the  climate;  annual  precipitation  averages 
from  7  to  12  inches  (180  to  300  mm).   About  24,000  persons  live  in 
the  district,  but  they  are  concentrated  in  a  small  region  of 
irrigated  croplands.   More  than  half  the  419  ranchers  in  the 
district  had  grazing  permits  on  Federal  lands  in  1975. 

The  history  of  livestock  use  and  human  settlement  is  discussed, 
beginning  with  the  arrival  of  the  fur  trappers  in  the  early  IBOO's. 
Major  impacts  came  from  travelers  along  the  Oregon  Trail,  mining 
after  1863,  and  exploitive  livestock  grazing  and  horaesteadlng  from 
1880  until  1934.   Passage  of  the  Taylor  Grazing  Act  in  1934 
initiated  management  of  the  public  domain  lands.   The  damage  to  the 
vegetation  and  soil  was  related  to  the  types  of  use.   The  nature  of 
the  climax  vegetation,  the  pattern  of  depletion  or  damage,  and 
present  range  condition  are  inferred. 

Congress  appropriated  approximately  $10  million  over  an  11-year 
period  beginning  in  1963  to  halt  erosion,  stabilize  the  livestock 
industry,  and  benefit  other  land  uses.   The  money  was  used  to 
control  brush  on  506,000  acres  (205,000  ha),  to  seed  267,000  acres 
(108,000  ha)  to  desirable  forage  species,  and  to  build  over  2,000 
miles  (3,330  km)  of  fence,  1,600  water  developments,  and  463  miles 
(741  km)  of  pipelines.   Supervision  and  management  of  the  land  uses 
were  large  parts  of  the  Vale  Program. 

The  major  sagebrush  control  practices  used  either  disk  plows  or 
aerially  applied  2,4-D.   Absence  of  native  forage  species 
necessitated  seeding  of  introduced  species,  primarily  crested 


-100- 


wheatgrass.   Attempts  at  reseeding  without  site  preparation  usually 
failed*   Burning  as  a  land  treatment  was  not  seriously  considered. 

Extensive  sampling  of  treated  areas  revealed  that  most  attempts  at 
land  rehabilitation  succeeded.   Treatments  reduced  brush,  yet 
rarely  were  all  brush  plants  killed.   Reinvasion  of  sagebrush 
occurred  in  almost  all  areas,  especially  shortly  after  treatment. 
Where  perennial  grass  stands  were  dense,  cheatgrass  was  usually 
absent,  and  big  sagebrush  only  reinvaded  to  about  25  percent  cover. 
Under  proper  management,  stands  with  brush  no  more  than  a  quarter 
of  the  total  cover  should  last  indefinitely. 

Livestock  management  formed  an  integral  part  of  the  Vale  Program 
from  its  beginning.   Currently,  several  hundred  pastures  are  used 
in  a  myriad  of  different  patterns  of  seasonal  and  rotational  use. 
Of  144  pastures  examined,  15  percent  were  grazed  at  the  same  time 
every  year;  33  percent  were  rotated  during  the  growing  season  and 
every  year  after  seed  had  ripened.   Systems  emphasized  deferment 
until  seed  ripening  rather  than  no  grazing  for  a  whole  year.   The 
original  plan  to  use  crested  wheatgrass  primarily  for  the  spring 
turnout  pastures  gradually  changed  during  the  course  of  the  Vale 
Program.   Crested  wheatgrass  seedings  are  now  managed  in  the  same 
patterns  as  the  native  bluebunch  wheatgrass  range.   The  Vale 
Program  has  increased  the  district's  estimated  grazing  capacity 
from  285,000  animal  unit  months  (AUM's)  in  1962  to  438,000  AUM's  in 
1975.   As  only  8  percent  of  the  total  district  was  treated  with 
brush  control  and  seeding,  most  of  the  increase  in  grazing  capacity 
resulted  from  improvement  of  native  range.   Improvement  consisted 
of  management  opportunities  and  strategies  provided  by  water 
development,  fencing,  brush  control,  and  seedings. 

These  improvements  were  beneficial  to  other  uses  too.   The  nearly 
2,500  wild  horses  in  the  area  are  rapidly  increasing.   James  D. 
Yoakum  in  his  August,  1979  Rangelands  magazine  article  reports  that 
the  above  improvements  have  resulted  in  a  100  %  increase  in  the 
population  of  pronghorn  antelope,  while  at  the  same  time  antelope 
in  the  surrounding  adjacent  rangelands  have  remained  relatively 
static.   The  populations  of  other  wildlife  species  such  as  bighorn 
sheep,  sage  grouse,  and  mule  deer  have  also  increased.   Other 
wildlife  species  exhibited  varied  responses  in  relation  to  their 
particular  habitat  requirements,  but  none  seems  to  have  been 
damaged  permanently  by  the  land  treatment.  Water  developments  for 
livestock  benefited  waterfowl,  and  new  fisheries  were  established. 
Range  restoration,  stimulated  by  the  need  for  livestock  production 
and  made  necessary  by  past  abuses  in  livestock  management, 
favorably  served  other  range  users  as  well.   Except  for  soil  damage 
from  off-road  vehicles,  accelerated  erosion  has  been  essentially 
eliminated. 
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An  economic  analysis  of  the  overall  program  reveals  that  at  the 
current  $1.51  fee  for  an  AUM  costs  exceed  benefits  by  about  $5 
million.   At  the  $3  market  value  of  an  AUM  in  the  region,  costs 
benefits  to  local  economy  are  not  considered  to  exceed  benefit  to 
livestock  by  only  $500,000.   Many  continuing  costs  are  associated 
with  upkeep  of  the  physical  improvements,  especially  water 
developments.   Users,  such  as  hunters,  campers,  rockhounds,  and 
fishermen,  have  benefited  from  the  project  to  a  degree  which  may 
exceed  the  difference  between  livestock  Income  and  costs. 
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H.   Research  Needs  and  Available  Capabilities 

Research  Is  the  process  of  acquiring  knowledge  and  understanding, 
without  which  the  present  concern,  the  arrest  and  prevention  of 
desertification,  would  have  little  success.   Research  must  be  In 
general  effective  and  should  provide  not  total,  but  sufficient 
knowledge  to  develop  reasonable  strategies  to  deal  with  a 
particular  problem.  In  this  case  desertification.   Research  dealing 
with  a  problem-solving  situation  should  yield  the  means  to  provide 
a  number  of  alternatives  from  which  to  choose,  a  good  understanding 
of  all  the  aspects  of  the  case,  and  an  evaluation  of  the  proposed 
solution  In  terms  of  actual  and  future  conditions.   It  must  be 
recognized  that  most  desertlf Icatlon-related  situations  are  highly 
complex  In  that  they  Involve  meeting  the  conditions  and  objectives 
of  diverse  groups,  which  are  not  all  quantifiable  to  the  same 
degree.   Ultimately,  the  final  choice  of  any  action  to  alleviate 
the  desertification  problem  must  rest  with  the  people.   Thus,  the 
decisionmaking  process  Itself,  one  in  which  people  are  involved, 
needs  considerable  study. 

To  make  intelligent  decisions,  managers  and  the  public  must  know 
the  consequences  of  alternative  courses  of  action.  In  addition  to 
the  economic  consequences  of  development  and  use  of  the  resource 
base,  the  non-market  costs  and  benefits  of  environmental  protection 
and  enhancement  must  also  be  evaluated,  difficult  as  that  may  be. 

Much  research  has  been  done,  especially  in  the  last  50  years,  on 
conservation  of  the  dry  domain  renewable  resources,  yet  many 
unknowns  still  exist  which,  once  uncovered,  could  influence  and 
enhance  man's  capacity  to  live  in  and  use  the  arid  lands.   The 
process  of  salt  formation  in  soils,  the  process  of  evaporation  from 
land  surfaces,  and  the  storage  of  water  by  plants  are  a  few 
examples. 

It  is  important  to  note  that  major  breakthroughs  are  not  required 
to  make  this  type  of  research  profitable.   For  example,  water 
currently  has  a  value  of  about  $50  or  $60  per  acre-foot  at  the 
ground  surface  for  irrigation  in  West  Texas.   Since  approximately 
six  million  acres  of  land  are  Irrigated,  research  that  resulted  in 
an  average  saving  of  one  quarter  of  an  inch  of  water  per  year  on 
all  irrigated  land  in  the  High  Plains  would  conserve,  each  year 
thereafter,  125,000  acre-feet  of  water  for  a  total  value  of  $6  or 
$7  million  at  today's  prices.   Improved  irrigation  practices,  new 
and  improved  soil  conservation,  and  better  control  of  noxious 
plants  are  but  some  of  the  benefits  from  research. 

1 .  The  Importance  of  Interdisciplinary  Research 

Desertification  is  fed  by  a  number  of  single  but  complex  problems. 
These  "parts"  must  be  addresssed  discretely  for  the  purpose  of 
selecting  suitable  procedures  to  deal  with  the  basic  problem  of  how 
to  manage  and  improve  the  resource  base  and  to  avoid 
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desertification.   There  is  no  doubt  that  disciplinary  research  to 
help  us  better  understand  the  arid  system  is  necessary,  but  the 
fundamentally  important  holistic  approach,  generally  missing,  is 
needed  as  well.   For  this  purpose  studies  on  the  relationships 
between  the  physical  and  the  social  systems,  the  organic  and 
functional  interactions  among  these  systems,  feedback  mechanisms, 
ties  between  users  and  uses  and  between  events  that  can  affect, 
prevent,  or  control  desertification  can  be  better  understood 
through  research  and  improved  flow  of  communication  and  information 
between  various  specialists,  users,  and  decisionmakers. 

Some  of  the  areas  interdisciplinary  activities  should  focus  on  are: 

-  Arid  and  semiarid  lands  natural  transformations; 

-  Desertification  dynamics,  processes,  interactions,  and 
feed-back  mechanisms; 

-  Integrated  data  bank  systems; 

-  Development  of  new  or  improved  methods  for  measuring 
cost/benefit  ratios; 

-  Long-range  environmental  effects  of  development  of  arid 
regions; 

-  Demographic  studies  related  to  the  regional  carrying 
capacity;  and 

-  Monitoring  systems  and  indicators  of  desertification. 

Some  of  the  benefits  of  undertaking  this  type  of  research  are: 

-  to  achieve  a  better  understanding  of  the  impact  of 
human  activities  on  the  structure  and  dynamics  of  arid 
and  semiarid  biomes;  activities  that  may  result  in 
desertification; 

-  to  help  solve  the  scientific,  technological,  and  managerial 
problems  raised  by  the  development  and  usage  of  the  natural 
resources  in  the  arid  regions  where  the  desertification  risk 
is  high; 

-  to  help  in  formulating  natural  resources  policies  that 
assess  the  special  needs  of  the  arid  areas  and  that  take 
into  consideration  the  probability  of  desertification;  and 

-  to  facilitate  the  implementation  of  these  policies  by 
helping  to  attain  specific  objectives  and  keeping 
alternative  options  open. 

-  Providing  technology  transfer  to  under  developed  counties. 

2,   Sharing  of  Research  Results 

A  distinct  benefit  of  applying  research  results  is  the  improvement 
of  policy  planning  and  management  decisions  at  all  levels  of 
government  and  for  all  sectors  of  the  economy.   This  particular 
goal  cannot  even  be  approached,  however,  if  (a)  decisionmakers  are 
not  mindful  of  the  research  or  (b)  the  process  of  translating 
research  results  into  policy  decisions  is  either  omitted, 
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neglected,  or  of  bad  quality. 

The  central  question  then,  is  how  to  promote,  enhance,  and 
facilitate  the  flow  of  research  results  into  policy  decisions.   One 
group  that  should  be  included  in  all  steps  of  information  gathering 
and  dissemination  is  the  decisionmakers  themselves.   The  term 
"decisionmakers"  is  used  here  in  its  generic  sense  to  connote 
people  at  all  levels  of  government  and  in  all  sectors  of  the 
economy.   It  is  worth  emphasizing  that  research's  role  is  to 
generate  knowledge,  not  make  policy  per  se. 

The  documenting  and  translating  of  research  results  into  layman's 
language  and  the  packaging  and  displaying  of  these  results  for 
their  ultimate  use  by  decisionmakers  are  both  difficult,  because 
many  disciplines  are  involved,  for  example,  in  baseline 
determination  and  in  the  development  and  operation  of  predictive 
models.   Each  of  the  sciences  and  technologies  involved  has  its  own 
language,  making  communication  difficult.   More  research  is  needed 
in  this  context. 

3.  Forecasting 

Taking  into  account  that  arid  and  semiarid  lands  are  especially 
susceptible  to  hydrological,  climatic,  productive,  and  other 
extremes,  forecasting  research  is  of  great  importance,  especially 
for  planning  purposes. 

Research  in  this  area  should  include:  improvement  in  predicting 
future  climatic  and  atmospheric  changes;  forecasting  weather 
conditions;  understanding  extreme  events  such  as  droughts,  floods, 
heat  waves,  etc.  by  applying  probabilistic  and  statistical 
procedures;  developing  water  resource  forecasting  methodologies  to 
include  population  dynamics  and  all  factors  affecting  the  supply 
and  demand  of  water;  and  predicting  economic  and  financial  impacts 
and  changes.   Forecasts  should  be  structured  into  short-term 
problem-solving  and  long-term  research  needs  (on  the  order  of  50 
years  ahead). 

A.  Agriculture  and  Other  Land  Use  Interactions 

While  much  research  has  been  conducted  on  cultivation  practices, 
more  research  aimed  at  conserving  soil  quality  and  moisture  is 
warranted.   The  frequency,  depth,  and  optimum  times  for  plowing  to 
conserve  the  greatest  amount  of  soil  moisture  and  nutrients  and 
maximize  crop  yields  need  to  be  further  studied.   In  like  manner, 
the  effectiveness  of  different  types  of  terracing  practices  in 
utilizing  available  precipitation  requires  evaluation,  particularly 
in  view  of  rapidly  changing  energy  costs. 

One  example  of  changing  conditions  and  the  need  to  know  is  that 
based  on  "conventional  wisdom,"  cotton  and  grain  surghum  are  the 
best  money  crops  to  raise  in  the  South  Plains  of  Texas.   This  may 
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no  longer  be  the  case  in  the  immediate  future  due  to  changes  in 
price  and  availability  of  main  agricultural  inputs.   Experimental 
plots  should  be  utilized  to  investigate  crops  which  grow  well  and 
produce  high  yields  with  less  water,  to  develop  drought-tolerant 
genotypes,  or  to  find  "big  money"  crops  which  could  conceivably  be 
grown  in  smaller  quantities  on  fewer  acres,  and  still  generate  the 
same  dollar  volume  as  crops  presently  grown.   If  these  research 
results  dictated  cropping  changes,  then  improved  or  different 
methods  of  financing,  marketing,  processing  and  transportation 
might  need  to  be  developed.   Optimization  of  such  developments 
would  likewise  require  a  substantial  research  effort. 

Research  on  two  main  areas  of  rangeland  quality  and  use  deserve 
attention: 

A.  Rehabilitation  and  Management  of  Rangeland  for  Efficient 
Use  of  Soil  and  Water  Resources 

o  Learning  how  to  rehabilitate  deteriorated  rangeland 
should  permit  restoration  efforts  that  will  reduce 
soil  loss,  improve  water  use,  and  increase 
productivity.   Better  and  more  economically  efficient 
methods  of  brush  and  weed  control,  revegetation, 
management  of  insects,  and  Improved  agricultural 
techniques  are  needed. 

o  Grazing  systems  mangeraent  and  nutritional 
practices  must  be  developed  that  enable 
livestock  to  more  efficiently  use  rangeland  forage 
while  improving  or  maintaining  soil,  water,  and 
vegetation  resources. 

o  Range  plants  and  animals  with  greater  biological 
efficiency  must  be  selected  and  bred.   Measures  of 
efficiency  Include  fixation  of  atmospheric  nitrogen, 
resistance  to  pests,  photosynthetlc  rate,  and  the 
conversion  of  plant  material  to  animal  products  with 
less  water  use  and  soil  loss. 

B.  Inventory  and  Classification  of  Rangeland  for  Monitoring 
Soil  and  Water  Resources 

o  Learn  how  to  evaluate  the  effects  of  soil  erosion  and 
water  loss  on  range  productivity.   This  information  is 
needed  to  make  better  decisions  about  range 
management. 

o  Determine  how  much  soil  erosion  rangeland  can  endure 
before  its  productivity  is  adversely  affected. 
Without  this  information,  range  managers  cannot 
identify  those  sites  where  soil  is  being  lost  at  a 
rate  that  threatens  the  future  use  of  those  sites. 

o  Uniform  procedures  are  needed  to  make  inventories  of 
range  use,  suitability,  condition,  and  trends;  and 
better  procedures  are  needed  to  classify  range 
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potential*   These  procedures  would  permit  more  precise 
application  of  the  best  management  practices  to 
conserve  soil  and  water  resources  (Hedrlck  and 
Schuster,  1981). 

Other  topics  of  direct  Importance  for  desertification  problems  are: 
farmland  depopulation  problems;  Impacts  of  changes  In  land  use 
practice  on  marginal  lands;  validation  of  new  technologies  In 
minimum  tillage  cultivation;  energy-water  budget  In  agriculture  and 
other  activities;  Impacts  of  sallnlzatlon  problems  on  agricultural 
activity;  energy  efficient  production  of  food  and  fiber  on 
rangeland. 

5.   American  Indian  Concerns 

American  Indian  concerns  should  be  considered  In  any  research  of 
arid  and  semlarld  lands  because  of  their  historical  perspective  on 
the  land,  unique  cultural  background,  legal  and  Institutional 
systems,  and  special  needs. 

One  research  area  of  Interest  Is  the  assessment  of  past  Irrigation 
projects  on  Indian  arid  and  semlarld  lands,  to  determine  their 
relative  success  or  failure.   Research  should  also  be  conducted  on 
crops  which  may  be  of  Interest  on  reservations,  such  as  jojoba, 
guayule,  mesquite,  and  saltbush  for  animal  feed.   The  water 
quantity/quality  requirements  of  each  should  be  examined,  as  well 
as  the  market  potential. 

Studies  should  be  conducted  on  the  traditional  methods  of  coping 
with  the  Inherent  variability  of  arid  lands  by  the  native 
populations.  Including  strategies  for  dealing  with  risk  and  the 
modes  of  adaptation  evolved.   Other  research  activities  that  should 
be  supported  are: 

-  Studies  on  the  attitudes  and  perceptions  of  Indian  tribes 
which  are  the  target  of  arid  lands  policies.   The  research 
should  Include  an  assessment  of  how  the  different  tribes 
evaluate  the  potential  return  on  and  vulnerability  of  their 
Investments,  as  well  as  how  they  perceive  their  options. 

-  Survey  and  evaluation  of  the  performance  of  specialized 
institutions  concerned  with  reducing  risk  (e.g.  , 
cooperative,  credit  Institutions,  storage  facilities), 
allocating  scarce  resources  (e.g. ,  water  rights  and  systems 
of  land  tenure),  and  curtailing  production  in  bad  years 
(«.g.  ,  soil  banks  and  price  support  systems).   The  operation 
of  such  Institutions  can  minimize  the  probability  of 
resource  degradation  and  consequent  economic  and  social 
dislocation. 

-  Evaluation  of  the  mechanisms  for  placing  and  maintaining 
arid  lands  problems  on  government  agendas.   Policies 
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formulated  under  crisis  conditions  may  focus  on  symptoms 
rather  than  underlying  causes,  and  the  political  atmosphere 
conducive  to  policy  making  can  quickly  disappear.   This  may 
apply  to  Indian,  public,  and  privately  ovmed  land. 

6.   Multi-Objective  and  Multi-Attribute  Analysis 

By  virtue  of  their  special  characteristics,  arid  and  semiarid  lands 
call  for  a  radical  improvement  in  what  is  known  as  "economic 
analysis."  It  is  an  acceptable  notion  that  all  benefits  and  costs 
(monetary  and  non-monetary,  commensurable  and  non-commensurable) 
should  be  considered  in  such  an  analysis,  yet  the  quantification  of 
these  non-monetary  and  non-commensurable  attributes  has  not  always 
been  possible.   The  idea  of  maximizing  benefit  minus  cost,  or 
miniraizing  cost,  should  be  replaced  by  the  notion  of  maximizing  a 
host  of  (multiple)  objectives,  attributes,  and  criteria;  yet  the 
state-of-the-art  has  not  been  sufficiently  advanced  to  make  such 
quantification  and  analyses  feasible.   The  importance  of 
multi-objective  analyses,  where  all  objectives  and  attributes  of 
the  resource  base  are  considered,  should  be  recognized,  especially 
in  the  case  of  dry  lands  where  the  desertification  hazard  is  high. 
Research  should  be  focused  on  such  topics  as: 

-  The  quantification  of  such  aspects  as  the  irreversibilities 
associated  with  policy-,  planning-,  and  management-decisions 
related  to  arid  and  semiarid  lands;  the  sensitivity, 
stability,  and  responsiveness  of  dry  lands  to  certain 
actions;  the  value  of  attributes  such  as  esthetics, 
historical  sights,  and  social  well-being  from  local, 
regional  and  national  perspectives;  the  social  costs  and 
benefits  of  migration  from  the  "Frostbelt"  to  the  "Sunbelt" 
regions,  and  others. 

-  The  development  of  decision  making  methods  and  approaches 
for  identifying,  measuring,  and  integrating 
non-commensurable  objectives  and  attributes  associated  with 
both  the  social  and  environmental  (non-market  values),  and 
economic  considerations.   In  other  words,  social  and 
environmental  objectives  should  be  considered  on  a  par 
with  economic  objectives. 

Research  results  which  would  assist  in  realistically  modeling, 
evaluating  and  analyzing  arid  and  semiarid  land  issues  and  problems 
in  a  holistic  approach  should  improve  decisions  related  to 
desertification  prevention  and  arrest  at  the  local.  State,  regional 
and  national  levels;  Improve  the  quality,  reliability,  credibility, 
and  the  ultimate  usability  of  mathematical  models  in  planning  and 
management  of  arid  and  semiarid  lands;  and  reduce  the  present  gap 
between  modelers,  systems  analysts,  and  the  scientific  community  in 
general,  on  the  one  hand,  and  the  decisionmakers,  practitioners, 
and  managers  on  the  other. 
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7.   Risk  and  Impacts  Analysis 

The  Impacts  of  usage,  planning,  management,  and  policy  decisions  on 
arid  and  semlarld  lands  that  could  lead  to  desertification  may  be 
classified  as  either  primary  or  secondary.   Primary  Impacts  are  the 
expected  risk  (of  any  kind)  or  the  Intended  results  of  these 
decisions.   Secondary  Impacts  are  side-effects,  unaccounted-for 
risk,  or  unintended  results.   Both  types  of  Impacts  may  have 
uncertainties  associated  with  them. 

Risk  assessment  Is  particularly  desirable  for  arid  and  semlarld 
regions  because  of  the  recurring  Impact  of  natural  events  such  as 
protracted  and  short-term  droughts,  destructive  wind  and  hall 
storms,  early  and  late  frosts,  and  the  Impacts  of  human 
Intervention  together  with  marketing  uncertainties.   All  costs  and 
benefits  of  risk-taking  at  different  levels  of  decisionmaking 
(Federal,  State,  local,  elected  or  appointed  officials,  etc.)  need 
to  be  determined  and  defined. 

Economic  models,  such  as  Input-output  models,  need  to  be  refined 
and  updated  periodically.   Little  attention  has  been  given  to  the 
problem  of  lessening  the  Impacts  of  a  major  decline  of  Irrigated 
agriculture,  for  example,  or  providing  alternatives  which  might 
preserve  the  economy  of  a  region  which  has  reverted  to  dryland 
farming.   If  changes  or  shifts  In  the  production  of  goods  and 
services  are  to  be  required,  a  slow  but  evenly  paced  transition 
would  not  disrupt  the  economy  as  severely  as  would  a  sudden  change. 
In  addition  to  economic  factors,  the  social.  Institutional,  legal, 
and  technological  aspects  should  also  be  considered.   The  same  Is 
true  If  actions  are  necessary  to  maintain  certain  ongoing 
activities. 

The  research  on  the  soclal-behavloral  aspects  In  risk-benefit 
analysis  should  Investigate  what  motivates  successful  local 
participation  In  development  and  antl-desertlf Icatlon  efforts.   A 
physical  understanding  of  the  arid  and  semlarld  blomes  and  the  risk 
of  desertification,  together  with  an  analytical  modeling  capability 
displaying  feedback  loops  of  the  climate-soll-plant-animal  system, 
are  needed  as  well. 

A  first  step  should  be  the  development  of  a  simple,  macroscale 
(i.e.,  regional)  representation  of  normal  and  stressed  systems 
which  follow  a  single  critical  flux  (perhaps  water  in  this  case) 
and  which  takes  into  account  the  natural  and  induced  uncertainties 
present  in  arid  climates. 

Some  main  topics  for  research  in  this  area  are: 

-  The  quantification  of  risk  so  that  it  can  be  Included  in  the 
evaluation  and  analysis,  along  with  all  other  benefits  and 
costs. 
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-  The  distributional  effects  of  certain  policies  related  to 
soil,  water,  and  other  resources  conservation; 

-  Economic  risks  in  the  allocation  and  reallocation  of  water 
supplies; 

-  The  legislative  objectives  of  specific  programs  related  to 
the  use  of  resources  in  an  arid  environment,  the 
Institutional  factors  that  prevent  the  achievement  of  these 
programs,  and  the  risks  involved;  and 

-  An   evaluation  of   the   capacity   to  predict  natural  and  maranade 

hazards  in  arid  zones  and  the  responsibility  of  local  and 
State  institutions  to  mitigate  these  hazards  (especially  the 
question  of  tort  liability  of  governmental  institutions). 

8.  General  Observations 

Many  of  the  research  topics  discussed  in  this  section,  several 
presented  in  Appendix  N,  and  others  not  treated  in  this  document 
have  been  or  are  being  researched  to  some  extent.   But  in  general 
it  has  been  found  that  comprehensive  and  coordinated  research  from 
project-planning  to  application  of  results  is  lacking. 
Fragmentation  is  perpetuated  by  the  problem-focused  and 
mission-oriented  quality  of  Federally-supported  research.   Another 
contributing  factor  is  the  absence  of  Federal  organizations  or 
programs  enabling  the  integration  of  the  dry  land's  resource  base 
condition,  demand,  development  planning,  and  management  where  it 
can  be  accomplished.   At  the  State  and  local  level  the  problem  is 
similar.   Current  budgetary  constraints  may  allow  this  situation  to 
continue  with  the  academic  centers   and  governmental  research 
institutions  located  in  the  field  with  first-hand  experience,  but 
unable  to  Investigate  these  concerns  in  a  holistic  manner  even  when 
interested  and  able  to  address  them.   Another  impediment  to   the 
observation,  recording,  and  analysis  of  trends,  causes,  and  effects 
of  environmental  transformations  is  the  discontinuity  of  long-term 
research  support.   It  is  hoped  that  redirection  of  efforts  and 
budgets  will  recognize  the  need  for  comprehensive  and  systematic 
research,  and  for  coordination  among  and  within  research 
organizations  for  more  efficient  utilization  of  efforts  and  funds. 
This  may  be  the  time  for  State,  regional,  and  national  entities  to 
jointly  set  research  priorities  that  allow  the  best  possible 
multiple-use  of  the  Western  States'  resources  for  the  good  of  the 
region  and  the  Nation. 

9.  Available  Capabilities 

In  addition  to  agency  in-house  capabilities,  there  are  many  Western 
institutions  with  organizations  and  personnel  able  and  interested 
in  doing  research  on  desertification.   (See  Figure  34.)   In  fact, 
many  institutions  currently  have  some  of  this  research  included  in 
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Figure  3A 


Current   Research  Related   to 
Desertification  in  the  U.   S, 
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ongoing  programs.  The  following  list  of  Institutions  Is  not  meant 
to  be  all-Inclusive »  but  It  provides  a  measure  of  the  extent  of  the 
available  expertise. 

Federal  Government  Field  Offices  In  the  17  Western  States 

Department  of  Agriculture 
Forest  Service 

Berkeley,  California 

Fort  Collins,  Colorado 

New  Orleans,  Louisiana 

Portland,  Oregon 

Ogden,  Utah 
Science  and  Education  Administration 

Fresno,  California 

Riverside,  California 

Fort  Collins,  Colorado 

Columbia,  Missouri 

Fargo,  North  Dakota 

College  Station,  Texas 

Logan,  Utah 

Pullman,  Washington 
Soil  Conservation  Service 

Phoenix,  Arizona 

Davis,  California 

Denver,  Colorado 

Boise,  Idaho 

Sallna,  Kansas 

Bozeman,  Montana 

Lincoln,  Nebraska 

Reno,  Nevada 

Albuquerque,  New  Mexico 

Bismarck,  North  Dakota 

Stillwater,  Oklahoma 

Portland,  Oregon 

Huron,  South  Dakota 

Temple,  Texas 

Salt  Lake  City,  Utah 

Spokana,  Washington 

Casper,  Wyoming 
Department  of  Energy 

San  Francisco,  California 
Lakewood,  Colorado 
Kansas  City,  Missouri 
Dallas,  Texas 
Seattle,  Washington 
Environmental  Protection  Agency 
San  Francisco,  California 
Denver,  Colorado 
Kansas  City,  Missouri 
Dallas,  Texas 
Seattle,  Washington 
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Department  of  the  Interior 
Fish  and  Wildlife  Service 

Denver,    Colorado 

Albuquerque',  New  Mexico 

Portland,  Oregon 
Geological  Survey 

Menlo  Park,  California 

Denver,  Colorado 
Bureau  of  Indian  Affairs 

Phoenix,  Arizona 

Window  Rock,  Arizona 

Sacramento,  California 

Billings,  Montana 

Anadarko,  Oklahoma 

Muskogee,  Oklahoma 

Portland,  Oregon 

Aberdeen,  South  Dakota 
Bureau  of  Land  Management 

Phoenix,  Arizona 

Sacramento,  California 

Denver,  Colorado 

Boise,  Idaho 

Billings,  Montana 

Reno,  Nevada 

Sante  Fe,   New  Mexico 

Portland,  Oregon 

Salt  Lake  City,  Utah 

Cheyenne,  Wyoming 
Bureau  of  Mines 

Denver,  Colorado 

Spokane,  Washington 

Office  of  Surface  Mining 
Denver,  Colorado 
Kansas  City,  Milssourl 

Water  and  Power  Resources  Service 
Sacramento,  California 
Denver,  Colorado 
Boise,  Idaho 
Billings,  Montana 
Boulder  City,  Nevada 
Anarlllo,  Texas 
Salt  Lake  City,  Utah 
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The  17  Western  States 

State  and  local  departments  and  agencies  for  renewable  resources 
conservation  and  management* 


Federal-State  Cooperative  Groups 

Agricultural  Experiment  Stations 
(USDA  and  State  universities) 

Southwest  Border  Regional  Commission 
Four  Corners  Regional  Commission 
Old  West  Regional  Commission 
Pacific  Northwest  Regional  Commission 
Ozarks  Regional  Commission 

(Dept.  of  Commerce  and  State  appointees) 

Missouri  River  Basin  Commission 

Pacific  Northwest  River  Basin  Commission 

(WRC,  USDI,  and  other  Federal  agencies;  and  State  appointees) 


Regional  Associations 

National  Association  of  Conservation  Districts 
Western  Governors'  Policy  Office  (WESTPO) 
Western  Water  Council 

Pacific  Southwest  Interagency  Committee 
Arkansas-White-Red  Basins  Interagency  Committee 


Land  Grant  University  Institutions 

University  of  Arizona 
Tucson,  Arizona  83721 

Water  Resources  Research  Center 

Institute  of  Arid  Land  Studies 

School  of  Renewable  Natural  Resources 

University  of  California 
Berkeley,  California  94720 

Glannlnl  Foundation  of  Agricultural  Economics 

Kearney  Foundation  of  Soil  Science 

Water  Resources  Center 

Wlldland  Research  Center 

Energy  and  Environment  Division  of  Lawrence  Berkeley  Laboratory 
Davis,  California  93616 

Water  Resources  Center 

Institute  of  Ecology 
Riverside,  California  92302 

Dry  Lands  Research  Institute 
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Colorado  State  University 
Fort  Collins,  Colorado  80521 

Environmental  Resources  Center 

Water  Resources  Research  Institute 

Natural  Resourcejs  Ecology  Laboratory 

University  of  Idaho 
Moscow,  Idaho  838A3 

Water  Resources  Research  Institute 

Kansas  State  Univerlsty 
Manhattan,  Kansas  66506 

Water  Resources  Research  Institute 

Food  and  Feedgrain  Institute 

Montana  State  University 
Bozeman,  Montana  59717 

Water  Resources  Reseajch  Center 

Institute  for  Applied  Research 

University  of  Nebraska 

Lincoln,  Nebraska  68503 

Center  for  Agriculture,  Meteorology,  and  Climatology 
Institute  of  Agriculture  and  Natual  Resources 
Water  Resources  Center 

University  of  Nevada 
Reno,  Nevada  89506 

Water  Resources  Center 

Desert  Research  Institute 

New  Mexico  State  University 
Las  Cruces,  New  Mexico  88001 

Water  Resources  Research  Institute 

New  Mexico  Energy  Institute 

North  Dakota  State  University 
Fargo,  North  Dakota  58102 

Water  Resources  Research  Institute 

Tri-College  University  Center  for  Environmental  Studies 

Oklahoma  State  University 

Stillwater,  Oklahoma  7A074 

Water  Resources  Research  Institute 

Center  for  the  Application  of  Remote  Sensing 

Oregon  State  University 
Corvallls,  Oregon  97331 

Water  Resources  Research  Institute 

Climatic  Research  Institute 

Environmental  Remote  Sensing  Application  Laboratory 
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South  Dakota  State  University 
Brookings,  South  Dakota  57006 

Water  Resources  Institute 

Remote  Sensing  Institute 

Texas  Tech  University 
Lubbock,  Texas  79409 

International  Center  for  Arid  and  Semlarld  Land  Studies  (ICASALS) 

Texas  ASM  University 

College  Station,  Texas  77853 

Water  Resources  Institute 

Earth  Resources  Institute 

Institute  of  Renewable  Natural  Resources 

Utah  State  University 
Logan,  Utah  8A322 

Center  for  Water  Resources  Research 

Ecology  Center 

Institute  of  Outdoor  Recreation  and  Tourism 

Insltltue  for  Land  Rehabilitation 

Washington  State  University 
Pullman,  Washington  99163 

Water  Research  Center 

Environmental  Research  Center 

University  of  Wyoming 
Laramie,  Wyoming  82071 

Water  Resources  Research  Institute 

Research  on  Energy  and  Environment  Laboratory 

Natural  Resources  Research  Institute 

Rocky  Mountain  Institute  for  Energy  and  Environment 

10.   Some  Examples  of  Ongoing  Relevant  Projects 

Management  and  Improvement  of  Oakbrush  Rangeland  In  the  San  Juan  Basin 
Vegetative  Stabilization  of  Drastically  Disturbed  Lands 

Improving  Efficiency  of  Beef  Cattle  Production  and  Management  Systems 
under  Range  Conditions  in  Eastern  Colorado 

Longterm  Grassland  Ecosystem  Research 

Short  Duration  Grazing  Systems  and  Integrated  Use  of  Wheat  and  Sorghums 
for  Red  Meat  Production 

Food/Habitat  Relations  of  Livestock  and  Associated  Animals  in  Range 
Ecosystems 
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Role  of  Photosynthesis  and  Carbohydrates  In  Range  Plant  Development, 
Defoliation  and  Environmental  Stress 

Energy  Efficient  Range  and  Complementary  Forage  and  Beef  Production 
Systems  for  the  Great  Plains 

Stress  Tolerant  Crop  Plants  Derived  from  Plant  Cell  Cultures 

Development  and  Evaluation  of  Vegetative  Sampling  on  Areas  Subject  to 
Open  Pit  Mining 

Effect  of  Public  Grazing  Lands  on  the  Economy  of  Colorado 

Improvement  of  Yield  and  Quality  in  Legumes  and  Grasses 

Optimization  of  the  Use  of  Pange  and  Complementary  Forages  for  Red  Meat 
Production 

Farm  Irrigation  Water  Management 

Geomorphic  Controls  on  Diffuse  Source  Salinity  in  Western  Colorado 

Systems  of  Management  of  Optimum  Water  Utilization 

Climate  Data  Information  Service  for  Colorado 

Meteorological  Observations 

Hydraulics  of  Water  Resources  Systems 

Optimization  of  Water  Delivery  Systems 

Groundwater  Management  and  Investigations 

Managing  Mountain  Meadows  to  Conserve  Water  and  Improve  Water  and  Herbage 
Quality 

Reduction  of  Salt  Damage  to  Crops,  Soils,  and  Waters 


(Source:   Rocky  Mountain  Forest  and  Range  Experiment  Station,  USDA,  Fort 
Collins,  Colorado) 
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Section  III.  Desertification  Status  and  Issues;  The  Local 
Assessement 

Introduction 

Throughout  the  development  of  this  assessment  a  large  number  of 
reports  and  publications  were  made  available  to  the  Desertification 
Assessment  In  the  U.  S.  staff  by  officials  and  scientists  of  the 
Western  States.   A  list  of  only  those  most  pertinent  to 
desertification  topics  follows.   (These  documents  are  available 
through  the  State  organizations  listed  below.) 

1.  Indicators  of  Desertification  In  California,  by  the  California 
Department  of  Conservation,  February  1980. 

2.  A  Report  to  the  Honorable  Richard  D.  Lamn  of  Drought  Related 
Problems  and  Resources  for  the  State  of  Colorado,  by  the 
Colorado  Division  of  Disaster  Emergency  Services,  1977. 

3.  Summary  of  Findings  and  Recommendations  for  the  Governor's 
Task  Force  on  Idaho  Agricultural  Policy.  July  1980. 

4.  Rangeland  Resources  of  Idaho,  by  the  Idaho  Rangeland  Committee 
and  the  College  of  Forestry,  Wildlife,  and  Range  Sciences, 
University  of  Idaho,  September  1978. 

5.  Groundwater  Quality  Atlas  of  Nebraska,  USGS  Resource  Atlas  No. 
3,  by  R.  A.  Engberg  and  R.  F.  Spalding,  1978, 

6.  RCA  Appraisal  1980,  by  the  New  Mexico  Soil  and  Water 
Conservation  Division,  February  1980. 

7.  Oregon's  Natural  Resource  Conservation  Commitment  1980-1984, 
by  the  Oregon  Association  of  Conservation  Districts. 

8.  The  Vale  Rangeland  Rehabilitation  Program;   The  Desert 
Repaired  in  Southeastern  Oregon,  USDA  Forest  Service  Bulletin 
PNW-70,  by  H.  F.  Heady  and  J.  Bartolome. 

9.  Western  South  Dakota  River  Basins,  USDA,  August  1979. 

10.  Assessment  of  Desertification  in  Texas,  by  the  Texas 
Interagency  Task  Force  on  Desertification,  1980. 

11.  Desertification  In  Texas,  by  J.L.  Schuster,  1980. 

12.  Groundwater  Resources  of  the  Texas  High  Plains; 
State-of-the-Art  and  Future  Research  Needs,  by  Sweazy,  Urban, 
Reeves,  and  Whetstone,  Texas  Tech  University  Water  Resources 
Center;  for  National  Science  Foundation,  November  1978. 
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13,   Continuing  Water  Resources  Planning  and  Development  for  Texas, 
by  the  Texas  Water  Development  Board,  May  1977, 

lA,   Texas  Trends,  by  the  Texas  2000  Project,  Governor's  Office, 
August  1980, 

15.  Utah's  1977  Drought,  Water  Resources  Planning  Series 
UWRL/P-78-07,  by  the  Utah  Water  Research  Laboratory,  Utah 
State  University,  December  1978. 

16.  Palouse  Cooperative  River  Basin  Study,  USDA,  1978. 

A  few  States  (notably  California  and  Texas)  took  the  time  and 
effort  to  specially  prepare  reports  on  desertification  processes  In 
their  State,   These  have  been  extremely  useful  to  development  of 
the  U.S.  desertification  document  and  will  continue  to  serve  as 
valuable  Information  to  the  States  themselves.   These 
specially-prepared  reports  are  available  as  Background  Material 
through  the  Desertification  Assessment  In  the  U.S.  project. 

Information  contained  In  both  types  of  report.  In  addition  to 
State-supplied  data  for  the  Western  Governor's  Policy  Office 
(WESTPO),  has  been  summarized  and  Is  presented  together  with 
responses  from  Federal  field  organizations  to  a  DAUS  questionnaire. 
In  Section  III, 

A  Survey  of  States'  Views 

1,   Background 

In  November  1980  the  Western  Governors'  Policy  Office  (WESTPO)  was 
commissioned  by  the  Bureau  of  Land  Management  to  prepare  a  report 
summarizing  and  analyzing  sampled  Western  reactions  to,  and 
concerns  about,  desertification.   The  report  is  based  on: 

o  a  survey  conducted  in  December  1980  and  January  1981  of 
Individuals  and  organizations  in  17  Western  States, 
including  government  officials,  representatives  of 
land-user  groups  and  other  Interest  groups,  and  members  of 
research  organizations  and  institutions; 

o  meetings  and  discussions  held  during  the  past  two  years 

with  numerous  individuals  in  the  West,  including  many  State 
and  local  officials  responsible  for  creating  and  executing 
resource  management  policy;  and 

o   a  review  and  analysis  of  literature  and  other  material 

concerning  desertification  and  other  conditions  related  to 
arid  and  semiarid  lands. 
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Throughout   the  development  of   this  assessment   it  was  found   that  the 
tern  "desertification*  has  been  generally  misunderstood  or 
precelved  as  meaning  only   the  terminal  stage  or  the  Irreversible 
state  of  the  process.     For  purposes  of  the  survey,  VESTPO  felt  that 
the  substitute  term  "environmental  transformation"  would  avoid 
these  problems  and  better   relate   the  naturally-Induced   Imbalances, 
the   resilience  of   the  ecosystem,   and  the  contribution  of 
technology,   to  human-Induced  changes* 

2.     Samaatyof  Sofveyrifldlflgs 

Individuals  were  asked  to: 

o     describe  major  environmental  transformations  during  the 
last  50  years; 

o     characterize   the  natural  and  manmade   forces   producing  these 
transformations; 

o     Identify  the  general  effects  of  such  transformations; 

o     describe  existing  measures   for  coping  with  these 
transformations; 

o     evaluate  the  effectiveness  of  such  measures;  and 

o     list  by  priority  needed  additional  research  or  action. 

Causes   and   effects  of  environmental  transformations  are  very 
closely  interrelated,  and   in  many  Instances  the   two  are  difficult 
to  distinguish.     Respondents   identified   the  following  causes  and 
effects   of  environmental  change: 

o     rapid  population  migration  Into  the  region  due  primarily  to 
employment  opportunites,  recreational  opportunities,  and 
favorable  climate  and  environment; 

o     conversion  of   farmland  to  urban  uses,  and  subsequent 
conversion  of  dryland  and   range  to  irrigated  farmland; 

o     depletion  of  underground  water,  and  Increased  erosion,   soil  ■ 

salinity,  and  food  production  costs  due  to  the  expansion  of 
Irrigation  agriculture  Into  "marginal"  farmland; 

o     Increased  national  and  international  demand  for  range  and 
agricultural  products; 

o     acceleration  of  national  demand  for  the  development  of 
energy,  mineral,  and  other  natural  resources; 
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o  poor  range  management  practices,  Including  overgrazing; 
and 

o  less-than-average  precipitation,  Including  drought 
conditions. 

Participants  in  the  survey  were  asked  to  identify  and  evaluate 
existing  measures  for  addressing  the  environmental  transformations 
(e.g.  ,  government  programs,  private  practices)  and  to  recommend 
additional  effort  or  actions  needed.   The  following  measures,  many 
of  which  are  currently  being  executed,  were  Identified  by 
respondents  as  being  the  most  effective: 

o  adoption  of  Improved  water  conservation  practices, 

including  more  efficient  Irrigation  techniques,  through 
establishment  of  stronger  Incentives; 

o  introduction  of  "drought-resistant"  or  low-water  crops; 

o  expansion  of  wates  storage  capacities; 

o  revegetation  of  rangeland; 

o  adoption  of  growth  management  and  land-use  regulations  to 
encourage  water-conserving  development  and  settlement 
patterns; 

o  continuation  of  studies  and  research  on  Improved  land 
management  practices; 

o  continuation  of  statistical,  extension,  and  soil 
conservation  services  by  the  Federal  Government; 

o  examination  and  possible  revision  of  State  water 
legislation. 

3.  Conclusions 

There  is  an  overriding  concern  about  the  magnitude  and  pace  of 
external  demands  on  the  West's  resources.   These  pressures 
include: 

o  in-migration  from  other  regions  of  the  country; 

o  development  of  energy  resources  and  strategic  non-energy 
minerals; 
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o  production  of  agricultural  commodities  for  domestic  and 
export  markets; 

o  demands  to  retain  the  region's  environmental  amenities  as  a 
national  wildlife  and  recreation  resource* 

These  exogenous  forces  have  reduced  the  effectiveness  of  existing 
management  measures  and  present  major  challenges  to  develop  more 
effective  and  responsive  resource  management  strategies* 

Water  Is  the  crucial  factor  In  the  future  of  the  West;  its 
availability  or  scarcity  affects  every  aspect  of  the  human  and 
physical  environment  and  determines  both  present  and  future  land 
management  decisions*  Western  States  require  a  broader  policy 
framework  than  "desertification  mitigation"  In  order  to  respond  to 
environmental  transformations  In  the  region.  Figure  1  represents 
the  relationship  of  water  to  the  causes  and  effects  of  changes  in 
the  environment  and  places  "desertification"  In  a  broader  and  more 
useful  context*   It  points  out  that  aridity  and  drought  conditions 
set  up  a  sequence  of  naturally  Induced  environmental 
transformations  that  can  cause  ecological  change  and  degradation* 
Thus»  man-Induced  stresses  are  but  a  part  of  a  bigger  picture* 

Nevertheless,  It  has  been  recognized  that  the  arid  West  has  been 
transformed  from  a  pristine  environment  to  the  "breadbasket"  and 
"energy  basket"  of  the  Nation*  In  addition,  demands  for  military, 
mineral,  and  recreational  use  have  been  placed  on  the  area* 
Therefore,  water  and  other  resource  availability  and  management 
must  become  key  factors  In  understanding  and  addressing  the  forces 
of  change  in  this  particular  environment. 
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Appendix  B:     Glossary 


-  A  - 


Abandonment  -  An  Intentional  relinquishment  of  a  known  right.  Concurrence 
of  relinquishment  of  possession,  and  intent  not  to  resume  it  for  beneficial 
use.  Neither  alone  is  sufficient. 

Acre- foot  -  The  quantity  of  water  required  to  cover  1  acre  to  a  depth  of 
1  foot. 

Agricultural  Land  Classification  - 

Cropland  -  Land  used  primarily  for  the  production  of  cultivated  crops, 
close-growing  crops,  and  fruit  and  nut  crops. 

Pastureland  -  Land  used  primarily  for  the  production  of  domesticated 
forage  plants  for  livestock. 

Ranqeland  -  Land  on  which  the  natural  potential  (climax)  plant  cover  is 
principally  native  grasses,  grasslike  plants,  forbs,  and  shrubs.  It 
Includes  natural  grasslands,  savannahs,  certain  shrubs  and  forb  lands, 
most  deserts,  tundra,  alpine  communities,  coastal  marshlands,  and  wet 
meadows.  It  also  includes  lands  that  are  revegetated  naturally  or 
artificially  and  are  managed  like  native  vegetation.  It  is  not  cultivated, 
drained.  Irrigated,  or  mechanically  harvested. 

Albedo  -  The  amount  of  solar  radiation  reflected  by  a  surface. 

Atmospheric  albedo  -  The  amount  of  radiation  reflected  by  clouds  and 
other  particles  in  the  atmosphere. 

Surface  albedo  -  The  amount  of  radiation  reflected  by  the  surface  of  the 
earth. 

Alkalinization  -  Process  by  which  alkali  salts  accumulate  in  the  soil. 

Allotment  -  An  area  designated  for  the  use  of  a  prescribed  number  and  kind 
of  livestock  under  one  plan  of  management.  It  generally  consists  of  public 
lands  but  may  include  parcels  of  private  or  State-owned  lands.  The  number 
of  livestock  and  season  of  use  are  stipulated  for  each  allotment.  An 
allotment  may  consist  of  several  pastures  or  only  one  pasture. 

Alluvial  -  Related  to  sediment  deposited  by  streams. 

Alluvial  soil  -  A  type  of  soil  that  develops  from  waterborne  sediment; 
azonal . 

Animal  unit  -  The  range  livestock  measurement  equivalent  to  one  mature 

(1 ,000  lb.;  cow  or  the  equivalent  based  upon  average  daily  forage  consumption 

of  26  lbs.  dry  matter  per  day,  usually  one  horse,  five  sheep,  etc. 
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Animal  unit  month  (AUM)  -  A  measure  of  forage  or  feed  required  to  maintain 
one  animal  unit  for  a  period  of  30  days. 

Aquifer  -  A  saturated  underground  body  of  rock  or  slmilir  material  capable 
of  storing  water  and  transmitting  , It  to  wells  or  springs. 

Aquifer  recharge  -  The  process  of  refilling  an  aquifer  from  which  water 
has  been  drawn. 

Arid  lands  -  Areas  where  annual  evapotransplratlon  loss  equals  or  exceeds  annual 
precipitation;  where  a  deficiency  of  water  prevails;  where  precipitation 
varies  widely  in  time  and  space.  Most  arid  areas  have  warm  or  hot 
temperatures  in  at  least  one  season  with  the  diurnal  (daily)  temperature 
variance  wide.  Wind  and  abundant  sunlight  are  a  common  characteristic  to 
arid  lands. 

The  classification  of  arid  lands  Is  semlarld,  arid,  or  extremely  arid. 
On  the  average,  semiarid  lands  receive  10-25  inches  of  annual  precipitation, 
arid  lands  5-10  Inches,  and  extremely  arid  lands  less  than  5  Inches.  The 
United  States  contains  land  in  each  of  the  three  classifications. 

Artesian  -  A  condition  in  which  the  water  table  in  the  unconfined  ground 
area,  through  which  recharge  takes  place.  Is  situated  at  a  higher 
elevation  than  the  confined  area  of  the  aquifer.  If  a  well  is  located  In 
the  confined  aquifer,  the  well  water  will  rise  to  the  level  of  that  in 
the  unconfined  area. 


-  B  - 

Biomass  -  The  total  amount  of  living  plants  and  animals  above  and  below 
ground  In  a  particular  habitat  or  area. 

Biota  -  The  flora  and  fauna  of  a  region. 

Browse  -  As  a  verb,  to  consume,  or  feed  on  or  eat  (a  plant);  as  a*noun, 
the  tender  shoots,  twigs,  and  leaves  of  trees  and  shrubs  often  used  as 
food  by  cattle,  deer,  elk,  and  other  animals. 

Browse  line  -  A  well-defined  height  to  which  browse  has  been  removed  by 
animals. 

Brush  -  Vegetation  consisting  primarily  of  bushes  and  shrubs  usually 
undesirable  for  livestock  or  timber  management.  It  may  sometimes  be  of 
value  for  browse  or  for  watershed  protection. 

-  C  - 

Carrying  capacity  -  The  maximum  stocking  rate  possible  without  Inducing 
damage  to  vegetation  or  related  resources.  It  may  vary  from  year  to  year 
on  the  same  area  due  to  fluctuating  forage  production. 
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Center  pivot  -  Irrigation  system  in  which  a  radial  arm  supporting  sprinkler 
heads  rotates  on  large  wheels  around  a  central  pivot  which  is  usually  over 
a  well.  The  result  is  a  circular  irrigated  field  usually  one  section 
(640  acres)  in  size. 

Channel  -  That  part  of  a  natural  stream  where  water  normally  flows  or  a 
ditch  excavated  for  the  flow  of  water. 

Channelization  -  The  process  by  which  a  natural  stream  is  converted  into  a 
ditch  for  the  ostensible  purpose  of  flood  control. 

Clearcuttinq  -  A  method  of  cutting  that  removes  the  entire  timber  stand 
from  the  area  cut. 

Compaction  -  Process  by  which  soil  is  packed  tightly,  losing  porosity. 

Conservation  tillage  -  A  form  of  noninversion  tillage  that  retains  a 
protective  amount  of  residue  mulch  on  the  surface  throughout  the  year. 
Some  conservation  tillage  methods  are:  minimum  tillage,  no  till,  reduced 
tillage,  stubble-mulch  tillage,  chisel  planting,  and  till  planting. 

Consumptive  use  (of  water)  -  Withdrawing  water  from  a  supply  which,  because 
of  absorption,  transpiration,  evaporation,  or  incorporation  in  a  manufactured 
product,  is  not  returned  directly  to  a  surface  or  groundwater  supply;  hence, 
water  is  lost  for  immediate  further  use. 

Non- consumptive  use  (of  water)  -  The  act  or  process  of  using  water  that 
does  not  reduce  its  volume;  the  utilization  of  water  in  the  process  of 
producing  a  product  which  results  in  no  deterioration  of  quantity  or  quality 
or  transformation  of  water;  primarily  involves  instream  flow. 

Contour  farming  -  Plowing,  cultivating,  and  harvesting  crops  along  the 
contour  of  the  land  rather  than  up  and  down  the  slope;  an  effective  technique 
for  controlling  soil  erosion. 

Cost-benefit  analysis  -  Comparison  of  the  expected  benefits  of  a  project  with 
the  anticipated  costs  of  that  project. 

Cover  -  The  material  covering  the  soil  and  providing  protection  from,  or 

resistance  to,  the  impact  of  raindrops  and  the  energy  of  overland  flow,  and 

expressed  in  percent  of  the  area  covered.  Composed  of  vegetation,  litter, 

small  rock,  and  large  rocks.  These  may  be  lying  on  or  within  20  feet  of        | 
the  ground  surface. 

Cover  crop  -  A  close-growing  crop  grown  primarily  for  the  purpose  of 
protecting  and  improving  soil  between  periods  of  regular  crop  production  or 
between  trees  and  vines  in  orchards  and  vineyards. 

Cropland  -  See  Agricultural  Land  Classifications. 
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-  b- 

Deferred  grazing  -  The  delay  or  discontinuance  of  use  of  livestock  grazing 
on  an  area  for  an  adequate  period  of  time  to  provide  for  plant  reproduction, 
establishment  of  new  plants,  or  restoration  of  vigor  of  existing  plants. 

Deposition  -  The  process  by  which  soil  particles  are  transported  by  wind 
and/or  water  and  are  deposited  in  a  place  other  than  that  of  origin. 

Desert  pavement  -  The  stony  surface  of  some  deserts  caused  by  excessive 
erosion  of  the  thin  topsoil  by  occasional   heavy  rainfall  or  by  wind 
erosion. 

Diurnal  -  by  day. 

Drainage  -  Gradual  outflow  of  water  by  means  of  surface  or  subsurface 
water  movement. 

Drainage  basin  -  The  land  area  from  which  water  drains  into  a  river.     Also 
called  "catchment  area,"  "watershed,"  or  "river  basin." 

Drought  -  The  condition  of  moisture  deficit  sufficient  to  have  a  temporal 
adverse  effect  on  vegetation,  animals,  and  man  over  a  sizable  area  (Warrick, 
1975). 

.   .    .  A  prolonged  lack  of  precipitation  less  than  average  (Russell,  1970). 

.    .    .   A  prolonged  weather  condition  characterized  by  deficient  moisture  and 
increased  evaporation. 

.    .    .   Climatic  excursion  involving  a  shortage  of  precipitation  sufficient 
to  adversely  affect  crop  production  or  range  productivity  (Rosenberg,  1979). 


-  E  - 

Ecosystem  -  A  community  of  organfsms  in  relation  to  their  environment 
including  both  the  living  and  non-living  constituents,  and  forming  an 
interacting  system  Inhabiting  an  identifiable  space. 

Environment  -  The  surrounding  conditions,  influences,  or  forces  that 
affect  or  modify  an  organism  or  an  ecological   community  and  influence  its 
development  or  existence. 

Ephemeral   stream  -  A  stream  which  flows  only  after  rainfall  or  snowmelt;  or 
which  does  not  flow  continuously. 
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Erosion  -  The  process  by  which  portions  and  particles  of  soil  are  broken 
away  and  transported  to  another  location  by  agents  such  as  wind  or  water. 

Accelerated  erosior.  -  Erosion  much  more  rapid  than  normal,  primarily 
resulting  from  the  influence  of  the  activities  of  man  and  animals  or 
natural  events  such  as  fire  that  expose  the  surface. 

Geologic  erosion  -  The  normal  or  natural  erosion  caused  by  geologic 
processes  acting  over  long  geologic  periods. 

Gully  erosion  -  The  erosion  process  whereby  water  accumulates  in  narrow 
channels  and,  over  short  periods,  removes  the  soil  from  the  narrow  area 
to  considerable  depths,  ranging  from  1  to  2  feet  to  as  much  as  75  to  100 
feet. 

Natural  erosion  -  Wearing  away  of  the  earth's  surface  by  water,  ice,  or 
other  natural  agents  under  natural  environmental  conditions  of  climate, 
vegetation,  etc.,  undisturbed  by  man.  Synonymous  with  geologic  erosion. 

Nomal  erosion  -  The  gradual  erosion  of  land  used  by  nan  which  does  not 
greatly  exceed  natural  erosion. 

Rill  erosion  -  An  erosion  process  in  which  numerous  small  channels  of  only 
several  inches  in  depth  are  formed. 

Sheet  erosion  -  The  removal  of  a  fairly  uniform  layer  of  soil  from  the 
land  surface  by  runoff  water. 

Splash  erosion  -  The  spattering  of  small  soil  particles  caused  by  the 
impact  of  raindrops  on  soils.  The  loosened  and  spattered  particles  may 
or  may  not  be  subsequently  removed  by  surface  runoff. 

Erosion  pavement  -  A  layer  of  coarse  fragments  of  gravel  and  stones  on  the 
surface  of  the  ground,  remaining  after  the  removal  of  the  fine  particles 
by  erosion. 

Evapotranspi  rati  on  -  Loss  of  water  from  the  soil  both  by  evaporation  and 
by  transpiration  (passage  as  vapor  through  membranes)  by  plants  living 
thereon. 


-  F  - 

Forage  -  Vegetative  material  produced  by  plants  and  used  as  food  by  animals 
Forb  -  A  small  broadleaf  plant;  weed. 

-  G  - 

Grasses  -  Narrow-leaved  plants  often  used  as  forage. 

Tall   grass  -  Species  such  as  bluestem,  Indian  grass,  and  wheatgrass 
generally  ranging  in  height  from  3  to  8  feet. 
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Short  grass  -  Species  such  as  buffalo  grass  and  grama,  generally  ranging 
from  0.5  to  2   feet  in  height. 

Grazing  capacity  -  See  Carrying  Capacity. 

Grazing  district  -  An  administrative  subdivision  of  the  rangelands  under 
jurisdiction  of  Federal  or  State  management. 

Groundwater  mining  -  The  practice  of  withdrawing  from  an  aguifer  at  a  rate 
in  excess  of  net  recharge.  This  overdraft  eventually  causes  the  underground 
supply  to  become  exhausted  or  the  water  table  to  drop  below  economic  pump 
lifts. 

Gully  -  A  channel  cut  by  concentrated  runoff  through  which  water  commonly 
flows  only  during  or  immediately  after  heavy  rains  or  during  the  melting 
of  snow.  A  gully  is  deep  enough  to  interfere  with,  and  not  be  obliterated 
by,  normal  tillage  operations. 

Gully  reclamation  -  The  "mending"  of  a  gully  by  either  physical  methods 
(check  dams  of  boulders  or  cement)  or  vegetational  means  (planting  of 
rapidly  growing  shrubs  on  the  slopes). 

-  H  - 

Hardpan  »  A  hardened  or  cemented  soil  layer.  The  sandy,  loamy,  or  clayey 
soil  material  is  cemented  by  iron  oxide,  silica,  calcium  carbonate,  or 
other  substances.  The  hardness  does  not  change  appreciably  with  changes 
in  moisture  content,  and  pieces  of  the  hard  layer  do  not  slake  in  water. 

Horizon  «  The  distinctive  horizontal  layers  that  are  apparent  in  vertical 
soil  cross-sections. 

Humus  -  Accumulated  deconposed  debris  of  plant  stems,  leaves,  and  roots 
forming  the  organic  material  in  soils. 

Hydro logic  cycle  -  The  circulation  of  water  from  the  sea,  through  the 
atmosphere,  as  precipitation  to  the  land,  and  then  (with  many  delays)  back 
to  the  sea  by  overland  and  subterranean  routes,  or  directly  back  into  the 
atmosphere  by  evaporation  and  transpiration. 

-  I  - 

Impact  -  A  change  in  the  ecosystem  resulting  from  or  accelerated  by  human 
action. 

Infiltration  -  The  passage  of  water  Into  the  soil  by  moving  through  pores 
and  interstices. 

Instream  use  -  Use  of  water  which  does  not  reguire  withdrawal  or  diversion 
from  its  natural  watercourse.  For  example,  the  use  of  water  for  navigation, 
waste  disposal,  recreation,  and  support  of  fish  and  wildlife. 
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Interbasin  transfer  -  The  physical  transfer  of  water  from  one  watershed  to 
another.  On  a  large  scale,  the  transfer  of  large  quantities  of  water  from 
one  major  river  to  another. 

Intermittent  stream  -  One  which  flows  only  during  the  wet  season  but 
which  dries  up  during  the  dry  season. 

Interstices  -  Spaces  between  solid  rock  particles  and  fragments  which 
affect  the  occurrence  of  groundwater. 

Invader  -  A  plant  species  that  was  absent  or  present  in  only  very  small 
amounts  in  the  undisturbed  portions  of  the  original  vegetation  but  will 
become  established  therein  under  conditions  of  disturbance  or  continued 
overuse. 

Inventory  -  A  listing  of  the  resources  (and  location),  natural  and  manmade, 
which  characterize  a  land  area.  It  is  a  static  picture  of  the  basic  resource 
situation,  describing  the  quantity  and  quality  of  such  attributes  of  land 
as  geology,  vegetation,, soil ,  and  water  resources.  A  resources  inventory 
provides  a  data  base  which  then  can  be  periodically  updated,  and  trends 
illustrated,  by  suitable  monitoring  techniques. 

Irrigation  water  management  -  The  use  and  management  of  irrigation  water 
whereby  the  quantity  of  water  used  for  each  irrigation  is  determined  by 
the  water-holding  capacity  of  the  soil  and  the  need  of  the  crop.  The 
water  is  applied  at  a  rate  and  in  such  manner  that  the  crop  can  use  it 
efficiently  and  no  significant  erosion  occurs. 

-  K  - 

Key  species  -  (1)  Forage  species  whose  use  serves  as  an  indicator  of  the 
degree  of  use  of  associated  species.   (2)  Those  species  which  must, 
because  of  their  importance,  be  considered  in  the  management  program. 


-  L  - 

Land  capability  classification  -  The  quality  of  soil  resources  for 
agricultural  use  without  perrr.anent  damage  is  commonly  expressed  in  land 
capability  classes  and  subclasses  which  show,  in  a  general  way,  the 
suitability  of  soils  for  most  kinds  of  field  crops.  Soils  are  grouped 
according  to  their  limitations  when  they  are  used  for  field  crops,  the 
risk  of  damage  when  they  are  used,  and  the  way  they  respond  to  treatr:,ent. 

Capability  classes,  the  broadest  groups,  are  designated  by  Roman  numerals 
I  through  VIII.  The  numerals  indicate  progressively-greater  limitations 
and  narrower  choices  for  practical  use.  The  classes  are  defined  as  follows: 

Class  I  soils  have  few  limitations  that  restrict  their  use. 
Class  II  soils  have  moderate  limitations  that  reduce  the  choice  of  plants. 
Class  III  soils  have  severe  limitations  that  reduce  the  choice  of  plants. 
Class  IV  soils  have  >^ery   severe  limitations  that  reduce  the  choice  of  plants 
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Class  V  soils  are  not  likely  to  erode  but  have  other  limitations,  impractical 

to  remove,  that  limit  their  use. 
Class  VI  soils  have  severe  limitations  that  make  them  generally  unsuitable 

for  cultivation. 
Class  VII  soils  have  very   severe  limitations  that  make  them  unsuitable  for 

cultivation. 
Class  VIII  soils  and  landforms  have  limitations  that  nearly  preclude  their 

use  for  commercial  crop  production. 

Capability  subclasses  are  soil  groups  within  one  class;  they  are  designated 
by  adding  a  small  letter,  "e,"  "w."  "s,"  or  "c,"  to  the  class  numeral,  for 
example.  I  lie.  The  letter  "e"  shows  that  the  main  limitation  is  risk  of 
erosion  unless  close-growing  plant  cover  is  maintained;  "w"  shows  that 
water  In  or  on  the  soil  interferes  with  plant  growth  or  cultivation  (in 
some  soils  the  wetness  can  be  partly  corrected  by  artificial  drainage); 
"s"  shows  that  the  soil  is  limited  mainly  because  it  is  shallow,  droughty, 
or  stony;  and  "c,"  used  in  only  some  parts  of  the  United  States,  shows 
that  the  chief  limitation  is  climate  that  is  too  cold  or  too  dry. 

Litter  -  The  uppermost  layer  of  organic  debris  composed  of  freshly  fallen 
or  slightly  decomposed  organic  materials;  includes  all  undecomposed  dead 
organic  matter  lying  or  standing  within  20  feet  of  the  ground  surface. 
Litter  includes  lichens  and  moss  having  less  than  1/16  inch  growing  on 
litter. 


-  M  - 

Macroclimate  -  The  climate  of  a  large  geographical  area. 

Management  -  The  decisionmaking  process  in  the  presence  of  uncertainty, 
that  involves  the  manipulation  of  one  or  more  of  the  dependent  and/or  the 
controlling  factors. 

Mesic  -  Characterized  by.  relating  to,  or  requiring  a  mode rate, amount 
of  moisture. 

fji c roc li mate  -  The  climate  of  a  localized  and  specific  area. 

Minimum  tillage  -  Limiting  the  number  of  cultural  operations  to  those  that 
are  properly  timed  and  essential  to  produce  a  crop  and  prevent  soil  damage. 

Monitor  -  To  scrutinize  or  check  systematically  with  a  view  to  collecting 
certain  specified  categories  of  data. 

Monoculture  -  Raising  crops  of  a  single  plant  variety,  cultivated  as  well 
as  natural . 

Multiple  use  -  In  the  case  of  resources,  development  of  a  particular 
resource  to  serve  two  or  more  purposes  simultaneously. 
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-  N  - 

Natural  resource  -  Any  component  6f  the  natural  environnent,  such  as  soil, 
water,  rangeland,  forest,  or  wildlife  that  man  can  use  to  promote  his 
welfare.  A  natural  resource  can  ^e  renewable  or  nonrenewable. 

Nonpoint  source  -  Refers  to  pollution  discharge  from  numerous  scattered 
sites  throughout  a  given  area,  transported  to  surface  and  groundwaters 
through  diffuse  routeis. 

-  0  - 

Off- road  vehicle  (ORV)  -  Any  motorized  vehicle  designed  for  or  capable 

of  cross-country  travel  on  or  immediately  over  land,  water,  sand,  snow,  ice, 

marsh,  swampland,  or  other  terrain. 

Overgrazing  -  Consumption  of  vegetation  by  herbivores  beyond  the 
endurance  of  a  plant  to  survive;  continued  overuse  creating  a  deteriorated 
range. 


-  P  - 

Pastureland  -  See  Agricultural  Land  Classification. 

Pedogenic  -  Related  to  soil  formation. 

Perennial  stream  -  A  watercourse  which  flows  constantly  throughout  the  year. 

Permeability  -  The  ease  with  which  gases,  liguids,  or  plant  roots  penetrate 
or  pass  through  a  bulk  mass  of  soil  or  a  layer  of  soil. 

Phreatophyte  -  A  deep-rooted  plant  that  obtains  its  water  from  the  water 
table  or  the  layer  of  soil  just  above  it. 

V 

Point  source  -  Refers  to  discharge  of  pollution  from  discernible,  confined, 
and  discrete  conveyance  areas. 

Public  land  -  land  in  federal  ownership. 

Public  use  -  Includes  but  is  not  necessarily  limited  to  the  following: 
stockwatering,  human  consumption,  range  improvement,  protection  and 
management,  agricultural  irrigation  of  native  plants,  fish  and  wildlife, 
fire,  recreation,  flood  control,  erosion  control;  does  not  include  mining 
claims,  mill  sites,  desert  land  entries,  and  Carey  Act  entries. 


-  R  - 

Range  condition  -  The  present  productivity  on  a  range  site  as  related  to 

the  potential  natural  plant  community  for  that  site.  Range  condition  is 

expressed  as  excellent,  good,  fair,  or  poor,  on  the  basis  of  how  much  the 
present  plant  community  has  departed  from  the  potential. 
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Reclamation  -  Rendering  land  suitable  for  cultivation. 

Rehabilitation  -  Restoration  of  partially  or  totally  lost  biological 
productive  capability. 

Relative  humidity  -  The  ratio  of  absolute  humidity  to  the  maximum  possible 
density  of  water  vapor  in  the  air  at  the  same  temperature. 

Remote  sensing  -  The  science  of  acquiring  data  about  objects  from 
measurements  recorded  by  various  sensing  instruments  operating  at  a 
considerable  distance  from  their  target.  Remote  sensing  of  the  environ- 
ment is  accomplished  by  any  of  a  number  of  cameras  and  scanners  operating 
in  different  bands  of  the  electromagnetic  spectrum.  They  are  carried 
aboard  aircraft  or  satellites  and  collect  data  about  the  earth's  surface, 
near-surface,  and  atmosphere. 

Retorting  -  Operation  by  which  substances  are  extracted,  distilled,  or 
decomposed  by  heat. 

Rill  -  A  small,  intermittent  watercourse  with  steep  sides,  usually  only  a 
few  inches  deep  and,  hence,  no  obstacle  to  tillage  operation. 

Riparian  habitat  -  Habitat  related  to  or  located  along  a  watercourse. 

Roil  -  To  make  muddy  or  cloudy  by  stirring  up  sediment. 

Runoff  -  The  portion  of  pr-cipitation  which  is  not  absorbed  by  the  soil 
and  which  flows  into  surface  waters. 


-  S  - 

Salinization  -  The  process  by  which  evaporation  of  salty  water  leaves 
a  salt  accumulation  in  the  soil,  which  renders  the  soil  unsuitable  for 
crop  production. 

Scour  -  To  abrade  and  wear  away  terrace,  diversi-on  channels,  or  streambeds 

Sedge  -  Grasslike  plant  having  solid  rather  than  hollow  stems. 

Sediment  -  Soil  or  mineral  material  transported  by  water  and  deposited  in 
streams  or  other  bodies  of  water. 

Seepage  -  Water  which  passes  into  the  soil  from  under  a  reservoir  or 
other  water  body. 

Site-specific  -  Refers  to  phenomena  which  occur  under  certain  conditions 
at  a  particular  site,  but  which  would  not  necessarily  occur  at  another 
site. 

Slash  and  burn  agriculture  -  A  method  of  agriculture  practiced  in  forests 
in  which  the  land  is  cleared  by  cutting  and  burning.  It  is  then  planted 
and  harvested,  and  after  it  loses  its  productivity,  it  is  allowed  to 
return  to  forest  to  regain  productivity  while  another  plot  of  forest  is 
cleared  and  utilized. 
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Specific  yield  -  The  volume  of  water  which  drains  from  a  soil  under  the 
force  of  gravity.   It  is  nomally  expressed  as  a  percentage  by  volume  of 
the  drained  material  and  represents  the  effective  porosity  or  the 
effective  storage  of  the  water-bearing  material. 

Soil  deterioration  -  Loss  of  potential  productive  capacity  of  a  soil 
that  results  from  destructive  processes  accelerated  by  the  activities  of 
man,  for  example,  through  soil  erosion  and  waterlogging. 

Soil  moisture  zone  -  Depth  of  soil  from  which  plant  roots  extract  water. 

Soil  order  -  Ten  orders  are  recognized.  The  properties  used  to 
differentiate  among  orders  are  those  that  reflect  the  kind  and  degree  of 
soil-forming  processes  that  have  taken  place.  Each  order  is  identified 
by  a  word  ending  in  sol .  An  example  Is  Mollisol. 

Soil  profile  -  A  cross-sectional  view  of  a  particular  soil  type  In  which 
the  characteristic  layers  or  horizons  are  well  represented. 

Soil  structure  -  The  arrangement  or  grouping  of  the  soil's  primary  particles 
into  granules  or  aggregates;  a  soil  with  good  structure  has  a  spongy  or 
crumbly  quality  with  an  abundance  of  pores  through  which  water  and  oxygen 
can  move. 

Soil  texture  -  The  size  of  the  individual  soil  particles;  the  four  textural 
categories  ranging  from  the  smallest  to  the  largest  sized  particles  are 
clay,  silt,  sand,  and  gravel. 

Standard  Metropolitan  Statistical  Area  (SMSA)  -  An  Integrated  economic  and 
social  unit  with  a  large  population  nucleus.  Each  SMSA  includes  the 
county  in  which  the  central  city  is  located,  and  adjacent  counties  that 
are  metropolitan  in  character  and  economically  and  socially  Integrated 
with  the  county  of  the  central  city. 

Streamflow  -  The  discharge  In  a  surface  stream  course. 

Strip  cropping  -  An  agricultural  practice  in  which  an  open  row  crop 
(potatoes,  corn,  cotton)  is  alternated  with  a  cover  crop  (alfalfa,  clover) 
to  minimize  soil  erosion. 

Stubble-mulching  -  Leaving  the  stubble  of  crops  or  crop  residue 
essentially  in  place  on  the  land  as  a  surface  cover  during  fallow  and  the 
growing  of  a  succeeding  crop. 

Subsidence  -  Process  by  which  the  soil  level  is  lowered  by  overdraft  of 
groundwater,  oil,  etc. 


-  T  - 

Terracing  -  A  soil  conservation  technique  in  which  steep  slopes  are 
converted  into  a  series  of  broad-based  "steps";  the  velocity  of  runoff 
water  is  thus  reduced  and  soil  erosion  is  arrested. 
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Transpiration  -  The  process  in  which  plant  tissues  give  off  water  vapor 
to  the  atmosphere. 

Turbidity  -  The  cloudy  condition  caused  by  suspended  solids  in  a  liquid. 


-  U  - 

Ungulates  -  Hoofed  manvnals  such  as  horses,  cattle,  and  deer. 

Urban  and  built-up  areas  -  Human  settlement  and  built-up  areas  of  more 
than  10  acres,  including  industrial  sites,  railroad  yards,  cemeteries, 
airports,  golf  courses,  institutional  and  public  administration  sites, 
and  similar  areas. 


-  W  - 

Water  depletion  -  Water  consumed  that  is  irrecoverable  to  the  hydrologic 
cycle  or  system. 

Waterlogging  -  A  condition  in  which  the  water  table  rises  to  near  the 
surface  of  the  soil . 

Watershed  -  The  total  area  drained  by  a  particular  stream;  may  range  from 
a  few  square  miles  to  thousands  of  square  miles. 

Water  table  -  The  upper  level  of  an  underground  water  body. 

Wildlife  habitat  -  All  elements  of  a  wild  animal's  environment  which  the 
animal  needs  to  normally  and  naturally  complete  its  life  cycle.  These 
elements  are  usually  described  as  food,  cover,  water,  and  living  space, 
but  included  here  are  all  the  conditions  and  items  needed  to  satis- 
factorily produce  the  above  four  elements  in  the  amounts,  qualities,  and 
juxtapositions  which  the  animal  requires  to  complete  its  life  cycle. 

Withdrawal  -  Water  taken  from  a  surface  or  groundwater  source  for 
offstream  use. 

-X- 

Xeric  -  Characterized  by,  relating  to,  or  requiring  only  a  small  amount  of 
moisture. 

Xero phytic  -  The  quality  of  plants  which  are  structurally  adapted  for  life 
and  growth  with  a  limited  water  supply. 
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Appendix  C:  Abbreviations ^  Acronyms,  and  Conversions 


fommon  Abbreviations 


acre 

ac 

acre- foot 

af 

acre- foot  per  year 

af/yr 

average 

avg 

billion  gallons 
per  day 

bgd 

capita 

cap 

cubic  foot 

'ft3 

cubic  food 
per  second 

cfs 

cubic  meter 

m3 

cubic  yard 

yd  3 

dollars 

dol. 

foot 

ft 

gallon 

gal 

gallons  per 
capita  per  day 

gcd 

hectare 

ha 

inch 

in 

inches  per  year 

in/yr 

kilogram 

kg 

kilometer 

km 

kilowatt 

kw 

kilowatt-hour 

kwh 

liter 

1 

megawatt 

mw 

mile 

mi 

millimeter 

mm 

million 

mil. 

mi  1 1  i  on 
acre- feet 

maf 

million  acre- 
feet  per  year 

maf/yr 

million  gallons 
per  day 

mgd 

month 

mo 

number 

no. 

parts  per  million 

ppm. 

percent 

% 

square  mile 

sq  mi 

thousand 

thou. 

year 

yr 
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List  of  Abbreviations  and  Acronyms 

AAAS  -  American  Association  for  the  Advancement  of  Science 
AID  -  Agency  for  International  Development 
ASCE  -  American  Society  of  Civil  Engineers 

BIA  -  Bureau  of  Indian  Affairs,  Department  of  the  Interior 
BLM  -  Bureau  of  Land  Management,  Department  of  the  Interior 
BuCensus  -  Bureau  of  the  Census,  Department  of  Commerce 
BuRec  -  Bureau  of  Reclamation,  Department  of  the  Interior 

CEQ  -  Council  on  Environmental  Quality 

DAUS  -  Desertification  Assessment  in  the  United  States 
DOD  -  Department  of  Defense 
DOE  -  Department  of  Energy 

EIS  -  Environmental  Impact  Statement 

EPA  -  Environmental  Protection  Agency 

ERDA  -  Energy  Research  and  Development  Administration 

FAO  -  Food  and  Agriculture  Organization,  United  Nations 
FWS  -  Fish  and  Wildlife  Service,  Department  of  the  Interior 

GAO  -  General  Accounting  Office,  Congress  of  the  United  States 
6SA  -  General  Services  Administration 

ICASALS  -  International  Center  for  Arid  and  Semi-Arid  Land  Studies, 

Texas  Tech  University 
lUCN  -  International  Union  for  Conservation  of  Nature  and  Natural  Resources 

MAB  -  Man  and  the  Biosphere  (a  United  Nations  program) 

NAS  -  National  Academy  of  Sciences 

NOAA  -  National  Oceanic  and  Atmospheric  Administration,  Dept.  of  Commerce 

NRI  -  National  Resources  Inventories,  Soil  Conservation  Service,  USDA 

NSF  -  National  Science  Foundation  (U.  S.  Govt.) 

NTIS  -  National  Technical  Information  Service,  Department  of  Commerce 

OSM  -  Office  of  Surface  Mining  and  Reclamation  Enforcement,  Department 

of  the  Interior 
OSTP  -  Office  of  Science  and  Technology  Policy,  Executive  Office  of  the 

President 
OWRT  -  Office  of  Water  Research  and  Technology,  Department  of  the  Interior 

RCA  -  Resources  Conservation  Act,  Soil  Conservation  Service,  USDA 
RPA  -  Resources  Planning  Act,  Forest  Service,  USDA 

SCS  -  Soil  Conservation  Service,  USDA 

SEA  -  Science  and  Education  Administration,  USDA 
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UNEP  -  United  Nations  Environmental   Program 

UNESCO  -  United  Nations  Educational,  Scientific,  and  Cultural  Organization 

USDA  -  United  States  Department  of  Agriculture 

USDC  -  United  States  Department  of  Commerce 

USDI  -  United  States  Department  of  the  Interior 

US6S  -  United  States  Geological  Survey.  Department  of  the  Interior 

WESTPO  -  Western  Governors*   Policy  Office 

WPRS  -  Water  and  Power  Resources  Service   (formerly  BuRec),  Department 

of  the  Interior 
WRC  -  Water  Resources  Council 


Approximate  Conversion  Factors 

hectare  (ha)  *  2.47  acres 

square  mile   (sq  mi)  =  2.59  km^  =  640  acres 

million  gallons  per  day   (ngd)  =  1.12  x  10^  af/yr  =  694  gpm 

billion  gallons  per  day  (bgd)  =  1550  cf  =  3.785  million  cubic  meters/day 

inch  =  25.4  millimeters   (mm) 

mile  =  1.61   kilometers   (km) 

acre-foot  (af)  =  4,356  cf  -  325,851  gal  -  1,233.5  cubic  meters 

cubic  foot  (ft^)  =  28.317  1  «   .028  m^  -  7.48  gal  «  62.4  lbs.   of  water 

cubic  yard   (yd^)  «  0.765  m^ 

U.S.   gallon  *  3.785  1. 

pound  =  0.453  kg. 

metric  ton  =1.1  ton  , 
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Appendix  D;   Geographical  Regions 

The  17  Western  and  Great  Plains  States  have  been  divided  into 
eight  regions  roughly  the  same  as  those  in  Morris  E.  Austin's 
Land  Resource  Regions  and  Major  Land  Resource  Areas  of  the  United 
States.   These  regions  (Figure  D-1)  overlap  with  the  Great  Plains, 
Mountain,  and  Pacific  regional  divisions  and  also  with  the 
ecoregions   (Figure  E-1);  however,  the  overlaps  are  not  exact. 
The  location,  topography  and  elevation,  climate,  geology,  water, 
and  population  centers  of  each  region  are  described  here  to  give  a 
general  understanding  of  their  diversity.   (Austin,  1972) 

a.   Northwest  Rangeland 

Location:   This  region  rmts  north-south  along  the  eastern  edge  of 
the  Cascade  Mountains  with  extending  arms  along  the  Columbia  and 
Snake  Rivers. 

Topography  and  Elevation:   This  Is  ;iu  area  of  varied  topography 
including  mountain  foothills,  basins,  plains,  and  plateaus.   The 
elevation  ranges  from  1,000  feet  on  the  plains,  to  about  4,500 
feet  on  the  plateaus,  to  10,000  feet  at  the  crests  of  some 
mountains. 

Climate:   The  average  annual  ?>■►»<' in  i  tat  ion  Is  less  than  20 
inches,  with  an  extreme  low  of  6  inches.  Winter  rainfall  is 
greater  than  summer  rainfall.   Average  annual  temperatures  range 
from  AO'to  55*F.   Average  freeze-free  periods  range  from  50  to 
200  days. 

Geology:   The  geology  of  this  region  Is  nrlnarily  volcanic  rocks 
of  Quaternary  and  Tertiary  age.   Soils  vary  widely,  but  the 
alluvials  nr^  frt^quently  the  most  productive. 

Water:   Water  from  the  Columbia  and  Snake  Rivers  irrigates 
agricultural  areas. 

Population  Centers:   Spokane,  Washington  (309,000  pop.)  and 
Boise,  Idaho  (114,033)  are  the  population  centers  of  the  region. 


b.   California  Subtropical 

Location:   This  region  lies  within  the  Sintr*  •>'  California, 
covering  the  coastal  plain  and  central  valley  regions  west  of  the 
Sierra  Nevada  and  the  Southern  California  mountains. 

Topography  and  Elevation:   The  coastal  plain  and  central  valley 
both  range  from  sea  level  to  2,000  feet  in  elevation. 

Climate:   Average  annual  precipitation  is  from  5  to  25  Inches 
with  very  dry  sumners.   Freeze-free  periods  may  be  year-long  in 
the  southern  portion  of  the  region  and  near  the  roast,  and  are 
generally  250  days  long  elsewhere.   Average  annual  temperatures 
are  from  55°  to  65T. 
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Gcologv:      The  valleys  are  alluvlum-f llled;   the  coastal   plain  Is 
geologically  conposed  of  granitic  outcrops  and  marine  depositional 
material. 

Water:      The   Sacramento   and   San  Joaquin  Valleys  are  heavily 
irrigated    from  the   Sacramento  and   San  Joaquin  Rivers  axkd   from 
groundwater   sources. 

Population  Centers:     A  favorable  climate  and   heavy 
industrialization  have  led   to  a  high-density  population,   and 
urbanization  continues   to  expand   rapidly,  often  cro«diqg  out 
agriculturally  productive  land.     Population  centers  are 
Sacramento   (90,000),    San  Francisco  (3,156,000),   Frerao  (464,000), 
Los  Angeles   (6,997,000),  and  San  Diego  (1,624,000),  each  with  a 
large   suburban  area. 


c.      Vestern  Plains   and  Plateau  Rangelahd 

Location:      This   is   the   largest  of   the  regions,   extending   from 
south  and  west   of   the   Cascades  and   Rockies,    south  to  the  Mexican 
border,   and    east   into   the  Trans-Pecos  area  of  Texas.     Ijuch  of 
this  area  is  public   land. 

Topography  and   Elevation:      The  region  is  s  basin  and  range   type 
of    topography  with  plateaus  varying   in  elevation  from  about  4,500 
to  7,500   feet,   and   basins  as  low  as  230   feet   below  sea  level   in 
the   Imperial   Valley.      There  are  a  few  small  mountain  ranges  with 
peaks  as  high  as  13,000   feet.     The  lower  Colorado  River  valley 
provides   the   only  large     expanse  of  low-lying  land. 

Climate:      The   average  annual   precipitation  Is  generally  less  than 
10   inches  on  the   plains,   but  may  be  as  high  as  40  to  50  inches  in 
the  mountains.      Precipitation  is  higher   in   the   summer  in  the 
southeastern   portion  of  the  region.     Elsewhere,  rainfall  tends  to 
*be  higher   in  winter.     Average  annual   temperatures  are  45*   to 
55*F,   ranging   from  35'    in  the  north   to  70°   in  the   south. 
Freeze-free  periods   range   from  less  than  9D  days  in  tbe  -north  to 
more   than  240   days   in  the   south. 

Geology:      The  region  has  a  great  variety  of  geologic   formations. 
The  geologic   origin  ranges   from  volcanic   to   terrestrial  and 
marine  depositions,   and  the  ages  of  the  rock  extend  back  to  the 
Precambrian  Age.      The   Colorado  Plateau  at  the   Four   Corners  area 
(common  border   point   of  Arizona,   New  Mexico,    Colorado,  and  Utah) 
where   the  Grand   Canyon  cuts  through  and   reveals   the  many  layers 
of   sedimentary  rock  is  the   outstanding  geologic    feature. 

Water:      All   principal    rivers   in  this  region  have   their  headwaters 
in  the  mountainous  area,    flowing  into  and  through  dry  areas. 
They  are   the   Colorado,   the   Humboldt   and  the  Rio  Grande  Sivers. 
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Population  Centers:      The   region  is   sparsely  populated   but   has 
urban  renters  at   Salt   Lake   City,   Utah  (800,000);   Las  Vegas, 
Nevada   (346,000);    Phoenix   (l,22A.o6o)  and   Tucson  (451,000), 
Arizona;    Albuquerque,   New  Mexico   (393,000);   and  El  Paso,   Texas 
(431.000). 


d.      Rocky  Mountain  Ranfeeland 

Location:      The   Rocky  Mountain  chain  extends  into   the     U.    S.   from 
Canada  and  continues  into  New  Mexico. 

Topography  and   Elevation:      The  variances  of   topography  and 
elevation  are  extreme,   with  valleys  down  to  2,000  feet  and  peaks 
up   to  14,300   feet.      The  meadows  are  at   about  8,000  feet. 

Climate:      In  many  valleys,   average  annual  precipitation  is  less 
than  10  inches;   average  annual   temperatures  are  40*  to  30**?.     The 
longest    freeze-free   period   is   120  days.      The  mountains  receive 
more  rain  and   snowfall,   especially  in   the  winter,   but   have  lower 
average   temperatures  and  a  considerably  shorter  freeze-free 
period. 

Geology:      The   region  is  heavily  folded   and   faulted  volcanic, 
sedimentary,  and  metamorphic   rock.      Alluvial   soils  are 
predominant   in   the  valleys. 

Water:     Perennial   streams   fed   by  mountain  rainfall  and  melting 
snow  provide   some  of  the  area  with  sufficient  water.     The  valleys 
and  meadows   of   this  region  are  prone  to  desertification  processes 
because  of   slope  drainage  and  water  supply  problems.     This  is 
especially  true   in  the   San  Luis  Valley  of  Colorado.     Salinity 
problems  result    from  heavy  irrigation. 

Population  Centers:      The  ruggedness  of  the   terrain  has   forced 
settlement   into   the  valleys,  where  the  most  agriculturally- 
productive   lands  are,  creating  an  increasing  conflict  between  the 
needs  of  urbanization  and   agriculture  for  both  land  and  water. 
The  area  is  sparsely  populated,   with  the  largest   population  and 
industrial   center  at  Denver,  Colorado   (1,438,000),   and  with  other 
smaller   populations  centers  spread  along  the  Front  Range. 


e.      Northern  Great   Plains 

Location:      This  region  extends   along  the  Canadian  border, 
enccispasses   the  northern  portion  of  Montana  and   the  entire  State 
of  North  Dakota,  and   extends  though  the  central   portion  of   South 
Dakota. 

Topography  and   Elevation:      The   region  is  comprised   of  smooth, 
rolling  plains  on  which   spring  wheat  thrives   if  enough  moisture 
is  available.     Elevations   range   from  1,000  to  4,000  feet. 

-169- 


Climate:   Average  annual  precipitation  ranges  from  10  to  24 
inrhes  and  nost  of  it  occurs  during  the  growing  season.   Average 
annual  temperatures  are  40*  to  A5'F.   The  freeze-free  season 
ranges  fron  100  to  1A5  days. 

Geology:  Like  most  of  the  Great  Plains  area,  the  region  is  under- 
lain by  Precambrian  basement  rock  and  covered  by  sedimentary  rock. 
Large  areas  of  glacial  deposition  provided  the  parent  material  for 
the  rich  fertile  soils  which  are  predominant. 

Water:   The  Missouri  River  system  flows  through  this  region,  but 
most  of  the  agriculture  is  dryland  farming  with  irrigation  from 
the  river  only  in  floodplaln  and  adjacent  areas. 

Population  Centers:   The  population  density  of  the  region  is  low. 
Bisraarck  (42,113),  Grand  Forks  (42,052),  and  Fargo  (58,256), 
North  Da.ota;  and  Pierre  (12,110),  South  Dakota,  are  the  main 
urban  centers. 


f .   Western  Great  Plains  Rangeland 

Location:   This  region  has  a  north-south  alignment  and  stretches 
froni  western  Montana  through  eastern  Wyoming,  western  South  Dakota, 
into  north-central  Nebraska  along  the  Platte  River,  eastern  Colorado, 
and  east-central  New  Mexico.   It  is  comprised  of  the  high  plains  and 
foothill  regions  just  east  of  the  Rocky  Mountains. 

Topography  and  Elevation:   Elevation  on  these  dissected  plains 
and  foothills  ranges  from  2,000  to  7,000  feet,  with  an  average  of 
4,000  feet. 

Climate:   Average  annual  precipitation  is  10  to  25  inches,  and  is 
spread  over  the  months  from  mid-spring  to  autumn.   Temperatures 
average  45*'F,  but  are  colder  in  the  north  and  warmer  in  the 
south. 

Geology:   The  region  is  Precambrian  covered  by  sedimentary  rock 
composition,  as  is  most  of  the  Great  Plains.   Reddish-brown  soils 
cover  much  of  the  region. 

Water:   The  Platte  River  system  flows  through  the  region,  but 
little  is  used  for  irrigation.  Dryland  farming  is  prevalent,  as 
is  rangeland  grazing. 

Population  Centers:  Rapid  City,  South  Dakota  (53,070);  Casper, 
Wyoming  (46,903),  and  Roswell,  New  Mexico  (39,511)  are  the  main 
urban  sites. 
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g.   Central  Great  Plains 

Location:   This  region   extends  frotai  southern  Nebraska  through 
western  and  central  Kansas,  western  Oklahoma,  and  the  Texas 
panhandle  and  rolling  plains  areas.   The  land  is  used  primarily 
for  rangeland  and  .winter  wheat  production. 

Topography  and  Elevation:   This  is  a  r-rgion  of  hills  and  rolling 
plains,  ranging  from  1,000  to  5,000  fe  c  in  elevation. 

Climate:   15  to  30  inches  of  precipitation  fall  annually  on  this  region, 
mostly  during  the  summer  months.   Average  annual  temperatures 
range  from  30**  to  65**?,  and  the  freeze-free  period  ranges  from 
150  to  240  days. 

Geology:   The  geology  of  the  region  is  cenozoic  sedimentary  rock 
several  hundred  feet  thick  overlying  the  Mesozoic  Era  rock.   Soils 
typical  of  the  prairies  are  prevalent. 

Water:   The  Red  and  Arkansas  Rivers  flow  through  the  region  and 
provide  irrigation  water  for  adjacent  land,  but  groundwater  is 
the  main  supply  for  irrigation  (Ogallala  Aquifer).   Center  pivot 
systems  are  prevalent  in  the  region. 

Population  Centers:   The  sparsely-populated  region  has  urban 
centers  at  Lincoln,  Nebraska  (166,311);  Wichita,  Kansas 
(391,000);  Oklahoma  City,  Oklahoma  (762,000);  and  Lubbock,  Texas 
(200,000). 


h.   Southwest  Plateau  and  Rangeland 

Location:   This  small  region  lies  within  southwestern  Texas. 

Topography  and  Elevation:   The  plains  and  plateaus  of  this  region 
range  in  elevation  from  sea  level  to  4,000  feet. 

Climate:   Although  the  average  annual  precipitation  is  20  to  30 
inches,  the  average  annual  temperature  is  high  (60*  to  70*F), 
making  the  effectiveness  of  the  precipitation  low  due  to  high 
evaporation.   Precipitation  is  divided  seasonally  between  the 
spring  and  the  autumn. 

Geology:   Sedimentary  layers,  primarily  limestone,  are  found  over 
Paleozoic  Age  rock. 

Water:   The  Rio  Grande  provides  some  irrigation  water  within  its 
floodplain,  but  the  aquifers  underlying  much  of  the  region 
provide  groundwater  for  livestock  and  domestic  needs. 

Population  Centers:   San  Antonio,  Texas  (996,000)  is  the  main 
population  center  of  the  region. 
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Appendix  E;   Ecological  Regions 

Introduction 

Desertification  affects  the  biological  as  well  as 
nonblologlcal  components  of  an  ecosystem  because  the  conditions 
of  soil,  water,  flora,  and  fauna  have  a  direct  effect  on  one 
another.   To  better  understand  the  Impact  of  the  desertification 
processes,  a  general  description  of  the  ecoreglons  of  the  arid 
domain  Is  presented  In  this  chapter.  The  ecoreglons  presented 
here  (Figure  E-1)  are  simplified  versions  of  those  presented  In 
Robert  G.  Bailey's  book  Description  of  the  Ecoreglons  of  the 
United  States.   In  general,  the  regions  overlap  with  the  Great 
Plains,  Mountain,  and  Pacific  regional  divisions 
and  also  with  the  geographical  regions  (Figure  1>-1);  however,  the 
overlaps  are  not  exact.   There  has  been  no  attempt  to  separate 
and  indicate  either  pristine  or  present  conditions,  although  some 
land  Is  in  nearly  pristine  condition  with  minimal  disturbance, 
while  other  land  is  almost  completely  altered  by  human 
modification. 


Ecoreglons 

a.  Northwest  Grassland  Ecoregion 

Vegetation:   This  ecoregion  was  once  dominated  by  grasses,  but 
now  large  areas  are  cultivated  for  wheat  production.   Most  of  the 
remainder  of  the  region  Is  vegetated  by  sagebrush,  which  has 
proliferated  because  of  heavy  grazing  of  more  palatable  plants  by 
both  domestic  and  wild  animals. 

Fauna:   Wild  animals  which  can  inhabit  the  sagebrush  cover 
Include  pronghorn  antelope,  deer,  bobcats,  coyotes,  and  species 
of  birds  and  reptiles  suited  to  shrub  vegetation  existence.  The 
grazing  wildlife  are  often  In  competition  with  the  domestic 
animals  for  available  forage. 

b.  California  Ecoregion 

Vegetation:   The  vegetation  of  this  ecoregion  Is  very  distinct 
because  of  the  extreme  seasonality  of  precipitation  between  the 
wet  winter  and  the  dry  summer.  The  vegetation  is  predominately 
hardleaved  evergreen  trees  and  shrubs  called  sclerophyll 
woodland.   The  type  Is  called  sclerophyll  because  the  leaves 
contain  thick,  hard  walls  in  their  cells  to  help  prevent 
excessive  noslture  loss  and  wilting  during  the  extremely  dry  and 
often  hot  summers.  The  other  vegetation  of  this  ecoregion  was 
once  predominately  grassland,  but  it  has  been  largely  replaced  in 
sections  by  fruit  and  vegetable  crops  and  extensive  acreage  of 
grains.   Large  areas  of  shrubs  such  as  creosote  and  chaparral 
exist  in  the  southern  part  of  the  region. 
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Fauna:   The  larger  wildlife  maomal  species  such  as  the  California 
grizzly,  wolf,  and  the  larger  ungulates  (hoofed  nammals)  have 
generally  disappeared  from  the  region  due  to  urbanization  and 
intensive  agricultural  use  of  the  land.  Large  domestic  livestock 
are  prevalent,  with  California  ranking  seventh  in  the  nation  in 
both  cattle  and  sheep  production  in  1977.  Wild  horse 
and  burro  populations  are  significant.  Soaller  wild  nammals  such 
as  coyotes,  rabbits,  and  rodents  are  able  to  live  near  the  cities 
and  in  the  woodlands.   Several  species  of  birds  and  reptiles  are 
present  in  the  region,  but  amphibians  and  fish  can  exist  only  at 
large  perennial  reservoirs  because  small  reservoirs  often 
evaporate  completely  during  the  hot,  dry  summers. 


c.   Western  Shrub  and  Brush  Ecoregion 

This  large  region  is  divided  into  smaller  sections  by  the  type 
and  density  of  shrub  and/or  brush: 

1.  Great   Basin 

2.  Colorado  Plateau 

3.  Southwestern  U.    S.   Desert 

4.  Chlhuahuan  Desert 
3.  Wyoming   Basin 

(1)      Great   Basin 

Vegetation:      The  Great   Basin   section  of  this  ecoregion  is 
dominated    by  sagebrush  and   other   shrubs,   such  as   shadscale, 
fourwlng  saltbrush,   and   greasewood,   which  have  the   salt   tolerance 
necessary   to  withstand    the   salinization  of   soil   produced   by  the 
drainage    to  interior   basins.      On  the   slopes   of  the  hills  and 
mountains   of   this   section,    the  vegetation  may  be  vastly  different 
due    to  lower   salinity,   summer   temperatures,  and  greater 
precipitation. 

Fauna:      Scarcity  of   potable  water  and  desirable   forage  makes 
large  wild   species  of  mammals  such  as  deer  sparse.     Jackrabbi^s, 
kangaroo  mice,   snakes,   and   hawks,  which  are  adapted   to  dry 
environments,   are  relatively  plentiful.      Much  of  this  area  is 
federally  owned   and   livestock  grazing  permits  are  issued.     Wild 
horses  and   burros   also  graze   in  the  area. 

(2)    Colorado  Plateau 

Vegetation:      In  the  lower   altitudes  of  the   Colorado  Plateau 
section,  vegetation  types  Include  cactus  and  yucca,   sparse 
grasses,  and   sagebrush.      Higher  altitudes  of  this  dry  plateau  are 
chiefly  covered   by  plnyon  and   juniper     woodlands  while  pine  and 
spruce   forests  are   prevalent   in  the  higher,  more  moist  locations. 
Highly  variable  and   erratic   precipitation  makes  dry  farming 
impractical,  as   unreliable  water  resources   for   Irrigation  hamper 
large  cropping  efforts.      Therefore,  most  of  the  land  is  used  for 
livestock  grazing. 
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Fauna:   Btrause  of  the  proximity  of  the  mountain  forests  and 
woodlands,  larger  wild  ar.irjols  such  as  elk  and  pronghorn  can  be 
found  in  this  region,  though  they  seldom  range  deeply  Into  the 
arid  lowlands.   Ar.ircals  such  as  jackrabbits  and  rattlesnakes 
vhirh  a-e   adapted  to  arid  lands  live  in  the  lower  altitudes. 
Domefiir  cattle  and  sheep  graze  the  short  grasses  and  some  of  the 
brush  species. 

(3)  Southvestern  U.  S.  Desert 

Vegetation:   In  this  section  encompassing  the  U.  S.  portions 
of  the  Mojave,  Colorado,  and  Sonoran  Deserts,  there  is  only 
sparse  vegetation,  and  bare  ground  is  conspicuous.   Cacti  and 
shrubs  such  as  creosote  and  aesquite  predominate.  Upland  areas 
may  contain  plants  such  as  Joshua  tree  and  juniper.  There  is  livestock 
grazing  ir.  soiae  areas,  but  the  shortage  of  water  precludes  most  agri- 
cultural endeavors. 

Fauna:   Many  species  of  desert  birds  and  reptiles  live  in  this 
section,  but  there  are  very  few  large  animals  of  any  type.   Most 
wild  ar.irals  are  small  nocturnal  burrowers  who  avoid  the  heat  of 
the  desert  day. 

(A)  Chlhuahuar.  Desert 

Vegetation:   In  the  U.  S.  portion  of  the  Chihuahuan  Desert  thorny 
shrubs  are  the  dominant  vegetation.   Short  forage  grasses  are 
found  in  association  with  the  shrubs,  but  this  region  has  a  low 
carrying  capacity.   Mesqulte,  creosote,  and  ocotillo  are  commonly 
found.   Phreatophytes,  such  as  mesquite,  tap  the  water  table  with 
their  deep  root  systems  but  waste  water  through  rapid  transpiration. 


Fauna:   In  addition  to  the  small  desert  animals  found  In  the 
Southwestern  U.  S.  desert,  larger  animals  such  as  deer,  antelope 
and  javelina  are  found  in  the  ripatian  vegetation  of  the  intermittent 
streas^s  in  the  Chihuahuan  Desert  section  of  the  Western  Shrub  and 
Brush  Ecoregion.  A  limited  number  of  domestic  livestock  are  grazed 
here. 

(5)  Vyoming  Basin 

Vegetation:      The  vegetation  of  this  basin  is  a  mixture  of  short 
grasses  and   shrubs   such  as   sagebrush,   shadscale,  or  alkali- 
tolerant   greasewood.      Some  wheat  Is  dry-farmed,  and  some   feed 
crops  are  Irrigated.      There  Is  limited   livestock  production. 

Fauna:     Wildlife  flourishes  in  this  sparsely  populated  and  largely 
undeveloped   section.      The  low  carrying  capacity  of  the 
land,   however.   Intensifies   the  coopetltlon  for  available  forage 
between  wildlife  and  domestic  livestock.       Coyotes,  antelope,  and 
the  large   cats   such  as  zhe  mountain  lion  and  bobcat  are  the  primary 
larger  species  of   wild  animals,  and  the   smaller  species  Include 
ground   squirrels,   rabbits,  and  rodents.     Migratory  animals  use 
this   basin   for  breeding,   feeding,  and  resting  during  their 
travels.     Migratory  uaterfowl  are  common  here. 

-175- 


d.   Rocky  Mountain  Ecoreglon 

Vegetation:   In  the  Rockies,  altitude  effects  the  amount  of 
precipitation,  temptrature ,  and  prevailing  winds,  thereby 
creating  belts  or  zones  of  dlffere/nt  vegetation.  The  highest 
zone  Is  above  the  "timber  line"  and  has  the  short  grasses  and 
sedges  characteristic  of  tundra  vegetation.  The  next  lower  zone 
is  one  of  forests  of  spruce  and  fir  trees.  The  forests  of  the 
next  lower  area  are  of  pine  and  fir  trees.   Next  is  a  zone  of 
shrub  woodlands  dominated  by  plnyon  and  Juniper.  Finally,  in  the 
dry  valleys  and  plains  beyond  the  mountain  foothills  are  the  arid 
sections  of  grasses,  shrubs,  and  cacti.  Few  crops  are  cultivated 
here,  with  grazing  being  the  principal  agricultural  occupation. 

Fauna:   Large  wild  animals  are  common  in  this  altltudlnal  zone's 
vegetation.   Bears,  elk,  and  mountain  lions  are  representative  of 
the  large  mammal  wildlife,  while  squirrels,  chipmunks,  and 
rodents  are  representative  of  the  smaller  species.  Domestic 
livestock  are  grazed  on  the  forage  grasses  of  the  middle 
vegetation  zones.   Many  varieties  of  birds,  reptiles,  amphibians, 
and  fish  inhabit  one  or  more  of  the  vegetative  zones  of  the  Rocky 
Mountains. 


e.  Great  Plains  Steppe  Ecoregion 

Vegetation:   The  ecoreglons  discussed  here  and  the  physical 
regions  discussed  in  the  geographical  data  section  do  not  exactly 
coincide.   The  western  Great  Plains,  while  divided  mainly  by 
topography  into  three  physical  regions-the  Western  Great  Plains 
Rangeland-was  once  almost  completely  covered  by  short  grasses. 
The  common  name  of  typical  grass  of  the  area,  buffalo  grass, 
suggests  the  historical  Importance  of  this  mammal  in  the  region. 
Though  grasses  predominate,  they  do  not  cover  all  the  land,  and 
bare  sp>ots  are  common.  While  the  greater  part  of  this  region  is 
used  for  grazing,  there  is  extensive  acreage  in  dry-farmed  wheat 
and  some  irrigated  feed  crops  along  the  streams. 

Fauna:  Wild  animals  such  as  deer,  antelope,  rabbits,  and 
prairie  dogs  are  plentful  throughout  the  section,  and  are  preyed 
upon  by  coyotes  and  other  predators.  Birds  such  as  grouse  are 
common,  and  the  livestock  grazing  development  of  the  area  has  led 
to  stock  ponds  useful  to  migratory  waterfowl. 

f.  Great  Plains  Prairie  Ecoregion 

Vegetation:   In  contrast  to  the  short  grass  ecoreglon  described 
above,  this  ecoreglon  is  dominated  by  mid-  and  tall  grasses  such  as 
(mid-  and  tall)  big  bluestem.  switch  grass,  and  indiangrass;  porcupine 
grass,  little  bluestem,  and  western  wheatgrass.  The  boundary  which 
separates  the  mid-  and  tall  grasses  from  the  short  grasses 
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Is  Indistinct  and  constantly  changing  v^th  the  precipitation 
variations  of  the  region  (McGinnies,  no  date).  There  are  some 
areas  of  mixed  short  and  tall  grasses,  but  large  vegetation  such 
as  trees  is  sparse  throughout  the  region. 

Wheat  production  doclnates  the  agricultural  output,  with  other 
grains  such  as  sorghirn  being  of  soae  importance  in  the  southern 
part  of  the  region.   Irrigation  from  ground  water  sources  is  used 
for  local  fruit,  vegetable,  and  cotton  production.   Grazing  Is 
still  an  important  agricultural  activity,  but  feedlot  cattle 
production  is  increasing. 

Fauna:   The  ccoregion  is  populated  by  a  variety  of  naanals  which 
range  in  size  from  domestic  cattle  and  antelope  through  sheep, 
coyotes,  and  badgers  to  the  small  rodents  and  rabbits.   Birds  and 
reptiles  are  plentiful,  as  are  asphibians  and  fishes  which  are 
abundant  in  and  near  the  steams  that  cross  the  area. 


g.   Southwest  Plateau  Brushland  Ecoregion 

Vegetation:   This  area  is  characterized  by  grasses  mixed  with  shrubs. 
The  grasses  are  predoTninately  bluestem,  buffalo  grass,  and  grania;  the 
shrubs  are  mainly  mesquite  and  jur.iper,  and  oak  species  such  as  live 
oak  are  found.   Grazing  is  the  dominant  agricultural  activity,  but 
crops  such  as  cotton,  wheat,  and  other  grains  are  grown  where 
conditions  permit.   The  lower  Rio  Grande  Valley  is  warm  and  moist 
enough  to  provide  for  citrus  fruit  and  winter  vegetables. 

Fauna:   Livestock  are  predominant  in  this  area,  with  much  of  the 
sheep  production  of  the  United  States  located  here.   Angora  goats  are 
also  prevalent  here,  and  virtually  all  of  the  U.  S.  production  of 
mohair  is  in  this  area.  Wildlife  such  as  deer,  wild  turkeys, 
armadillo,  and  quail,  as  well  as  several  reptile  species,  are  abundant^ 
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Appendix  F:   Cllmatologlcal  Conditions  of  Arid  and  Se:nlarld  Lands 


Introduction 

The  main  characteristic  of  arid  and  senlarld  lands  Is  a  low  average 
precipitation  or  moisture,  a  condition  which  Is  directly  affected  by 
other  variable  eleisents  of  the  climate,  such  as  temperature,  sunshine, 
wind  and  moisture  conditions  (figures  F-1,  F-2).  Two  cllmatologlcal 
extremes  common  to  the  study  area — drought  and  flash  floods — are 
discussed  In  this  Appendix. 

The  Appendix  also  briefly  examines  the  effects  of  albedo  and  climate 
change  and  their  known  and  potential  impact  on  desertification. 

1.   Drought 

Drought  is  an  important  and  predominant  cllmatologlcal  feature  of  arid 
and  semlarid  areas,  and  it  affects  local  and  regional  residents  physically 
and  economically.   Drought  is  a  normal  temporary  event  which  occurs  in 
varying  patterns  and  frequency  throughout  the  U.  S.,  one  which  may  trigger 
or  intensify  desertification  where  unsound  use  of  the  resource  base  is 
prevalent. 

It  is  important  to  distinguish  between  aridity  and  drought.  Aridity  is 
a  permanent  climatic  condition  of  low  average  precipitation.  Drought  is 
a  temporary  phenomenon  in  which  precipitation  is  significantly  lower  than 
average  (Rosenberg,  1978).   The  length  of  one  drought  event  can  range  from 
a  few  months  to  several  years. 

Drought  is  pervasive  in  nature,  and  it  is  often  difficult  to  ascertain  when 
a  drought  begins.   Unlike  other  natural  hazards,  the  losses  characteristically 
do  not  include  structural  damage  or  direct  loss  of  life,  even  though  many 
famines  have  been  direct  results  of  droughts. 

Droughts  involve  great  uncertainty  in  terms  of  where  and  when  they  will 
occur,  duration,  severity,  and  extent  of  impacts.  The  severity  of  this 
type  of  event  is  measured  in  terms  of: 

— Actual  precipitation  in  comparison  to  the  average  annual  precipitation 

— Duration 

— Season  of  episode 

—Frequency  (Heath,  1978). 

Drought  is  related  to  anomalous  occurrences  in  the  atmospheric  circulation 
and  solar  phjenomena.  Yet,  there  is  no  agreement  among  meteorologists  on 
how  these  abnormal  circulation  patterns  are  generated. 

Because  we  cannot  currently  predict  the  incidence  or  severity  of  drought. 
It  is  advisable  for  localities  where  drought  frequency  is  higher  to  have 
alternative  resource  management  plans  prepared  so  as  to  ameliorate  short- 
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and  long-term  impacts  (WESTPO,  1978).   Some  responses  to  two  historical 
droughts  are  presented  in  figure  F-3. 


2.   Flash  Floods 

Flash  floods  are  produced  by  highly  localized  and  abundant  rainfall 
caused  by  occasional  slow-moving  weather  fronts;  orographic  lifting  and 
thus  cooling  of  warm,  moist  air;  and  "Mexican  hurricanes"  or  tropical 
low-pressure  centers  which  move  from  the  Pacific  onshore  in  Mexico  and 
then  northerly  or  northeasterly  into  the  arid  and  seiniarid  regions  of 
the  U.S.   Flash  floods  also  occur  due  to  physiographic  conditions  such 
as  watershed  relief,  drainage,  geology,  topography,  the  existing 
vegetation, .and  hydrologic  conditions. 

Rainfalls  of  3.5  inches  in  1  hour  are  not  unusual  in  the  Western  States 
(Renard,  et  al.,  1970).   There  are  reports  of  1.17  inches  in  3  minutes 
(Bigger,  1959),  and  even  of  7  inches  in  30  minutes  (Hoyt  and  Langbein, 
1955).   While  the  more  intense  rainfall  usually  comes  at  the  beginning 
of  the  storm,  it  may  be  followed  by  an  hour  of  more  or  less  intense 
rainfall,  producing  a  great  deal  of  runoff.   In  one  flash  flood  in 
Arizona,  streams  rose  5  to  10  feet  per  hour,  and  one  creek  crested  at 
36  feet  over  the  normal  level  (NCAA,  1971). 

Flash  floods  do  considerab].  damage  to  property,  soil,  plants, 
animals,  and  people.   Severe  erosion,  silt,  and  sediment  in 
waterways  are  the  immediate  manifestaticns  of  flash  floods,  but 
the  loss  of  flora,  fauna,  and  nutrients  is   of  great  import  as  well. 


3.   Albedo 

Albedo  is  the  portion  of  incoming  solar  radiation  which  is 

reflected  back  into  the  atmosphere.   Light-colored  objects  (e.g., 

clouds)  reflect  back  more  radiation  and  thus  have  more  albedo. 

Because  the  arid  areas  have  characteristically  clear  skies,  they 

have  a  low  atmospheric  albedo.   Much  of  the  incoming  solar 

radiation  reaches  the  surface  and  is  absorbed  by  the  land  which,  in  turn, 

raises  the  surface  and  soil  temperature. 

On  the  other  hand,  the  amount  and  distribution  of  the  vegetation  covering 
the  soil  affects  the  albedo  of  the  land.   Dry,  bare  lands  have  a  higher 
surface  albedo  than  do  humid,  densely  vegetated  lands  because  more  solar 
radiation  is  reflected  by  the  ground.  An  increase  in  surface  albedo  say 
unfavorably  alter  the  water  budget  of  an  area,  causing  the  soil  to 
further  degrade,  with  desertification  as  a  possible  result.   Indiscrim- 
inate  use  of  fire,  overgrazing,  deforestation  for  slash-and-burn 
agriculture  or  for  fuel  and  timber,  and  salinization  of  soils  are  sone 
of  the  activities  that  result  in  the  destruction  of  vegetation  and  the 
creation  of  salt  flats,  producing  higher  albedo  rates  than  the  area  had 
originally  (Sagan,  Toon,  and  Pollack,  1979).   It  has  been  suggested  that 
higher  surface  albedo  may  affect  the  microclimate  of  the  affected  region 
as  well. 
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4.   Climate  Variability  and  Changes 

Climate  is  highly  variable  over  all  time  scales,  and  the  meaning  of 
climatic  change  depends  on  the  defining  period  for  the  climate  averate. 
For  exanple,  during  the  past  billion  years  the  prevalent  condition  cf 
macroscale  climatie  was  one  of  relative  warmth  (as  much  as  10°C  vamer  than 
at  present).   Hovever,  this  condition  was  punctuated  by  at  least  three 
major  Ice  ages,  each  one  about  10  nillicn  years  long.  Roughly  50  million 
years  ago  a  gradual  cooling  appears  to  have  started  culminating  with  the 
Quaternary  Ice  Age  about  2  million  years  ago.  On  another  time  scale,  and 
during  the  last  10  to  12  thousand  years,  cool  and  warm  cycles  have 
occurred  as  well,  such  as  the  advance  of  ice  masses  about  10,800  years 
before  the  present,  and  the  postglacial  warming  culminating  between 
5000  and  AOOO  B.C.  More  cooling  and  warming  cycles  have  occurred  since, 
lasting  one  to  two  mlllenia  each.   On  an  even  shorter  tine  scale,  climatic 
records  register  150-200-year  cycles  of  warming  and  cooling,  with  the 
"Little  Optimum"  epoch  during  A.D.  1150-1300  and  the  "Little  Ice  Age" 
during  the  1550-1700  A.D.  period  as  examples.   Though  in  the  last 
thousand  years  the  global  temperature  has  fluctuated  on  the  order  of 
1.5°C,  and  changes  in  climate  are  constantly  occurring,  this  is  the  first 
time  in  history  that  humankind  has  the  power  to  upset  the  climate,  or 
at  least  to  hasten  the  rate  of  change  (NAS,  1979).   For  example,  the 
burning  of  fossil  fuels  and  the  changes  in  natural  vegetation  distribution 
and  amounts  have  led  to  steadily  increasing  atmospheric  concentrations  of 
carbon  dioxide  (CO^). 

Recent  studies  have  shown  that  the  continuation  of  this  trend  will  lead  to 
double  the  amount  of  CO2  in  the  atmosphere  by  the  first  half  of  the  21st 
century.   This  cofidition  could  result  in  the  warming  of  the  earth's 
surface  between  2°C  and  3.5°C,  with  greater  increases  at  higher  latitudes. 
The  uncertainty  of  the  estimate  is  due  to  the  imperfect  ability  to  predict 
the  future  behavior  of  both  human  and  biospheric  activity. 

The  increase  in  temperatures  could  have  a  strong  effect  on  the  climate, 
due  to  shifts  in  the  distribution  of  climatic  regimes.   It  is  probable 
that  these  changes  could  be  delayed  by  the  capacity  of  the  deeper  oceans 
to  absorb  heat,  but  when  equilibrium  is  reached,  warming  will  occur 
(NAS,  i979).   In  turn,  any  charges  in  climate  will  have  many  impacts 
along  a  chain  of  reactions,  from  changes  in  crop  production  to  the  effects 
on  farm  or  pastoral  management,  the  external  markets,  and  the  supplies  of 
energy,  fertilizer,  and  fisheries  (Hare,  1980).   Of  course,  conditions  of 
the  resource  base  will  also  be  altered. 
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Figure   p.  3 


Cenerallzed  Hlatorlcal  Trends  of  Drought  Adjustaent 
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1930 
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2. 
3. 


1940  1950  I960  1970 

Very  rough  approximation  of  relative  levels  of  adoption 
Institutional  arrangements  for  R&R  —  not  payments 
Shape  of  curve  general ired  from  number  of  acres  Insured  and  amounts  of  loans  In  the 

United  States  (dip  In  1950'a  reflects  lower  adoption  of  insurance  at  that  CIm) 
m*B»4  o«  \ntm\    Irrlmmfd   acr**  la  the  Unltvd  Stales 


Source:    Norman  J.   Rosenberg,   ed..     North  American  Droughts. 
Boulder,   Colorado:  AAAS,   1978, 
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Appendix  C:   Soil 

The  soils  of  arid  and  seniiarid  lands  have  characteristics  which  make 
them  prone  to  erosion,  waterlogging,  and/or  salinization. 

Soil  is  the  mineral  and  biologically  active  portion  of  the  earth's 
surface  which  supports  vegetative  growth.   Some  of  the  characteristics 
that  determine  the  types  of  soils  are: 

o  content  of  sand,  clay,  and  silt 

o  acidity  or  alkalinity 

o  depth 

o  porosity 

o  permeability 

o  color 

o  organic  matter  content;  and 

o  temperature. 

Soils   of   the  arid   regions   of  the  United   States  belong  principally 
to   the  Aridisol,   Mollisol,   Entisol,   Alfisol,   Vertisol,  and 
Ultisol    soil  orders   (Dregne, 1976).      Upland   soils  are  usually 
oedium-to-coarse   textured;    soils  of   topographic   dfer^^essions  and 
along  the  coastal   plains  of   Texas  are   fine-textured;   and   soils 
found   on  river   flood   plains  are  of  variable   textures.     Most  of 
the    soils  have    slightly  acid    to  alkaline  reactions    (pH)   and  are 
calcareous   at  depths  of   less  than  6   feet  (2  meters).     Organic 
matter  contents  are  low,   and   soil  structure  is  weakly  developed. 

The   USGS  National  Atlas  of   1970  defines  the  cited  orders  of   soil 
as   follows: 

Alfisols:      soils  with  gray   to  brown  surface  horizon,  medium  to 
high  base  supply,  and   subsurface   horizons  of  clay  accumulation. 

Aridisols:  soils  with  pedogenic  horizons,  low  in  organic  matter, 
usually  dry*. 

Entisols:      soils  with  nearly  black,  organic-rich  surface  horizon 
and   high  base   supply.      Exceptions  are  the  Psamments. 

Ultisols:      soils   with  horizons  of  clay  accumulation  and  low  base 
supply. 

Vertisols:     cracking   clay  soils. 

Soil   is  classified   by  agricultural   suitability  into  land 
capability  classes  1-Vlll,   which  are  defined   in  the  glossary. 
Higher  numerals   indicate  greater  limitations  and  narrower  choices 
for   agricultural  use.      Figure  G-l   shows  the  relatively  small 
amount  of  privately-owned   land  suitable  for  cultivation  in  the   17 
Western   States.      Comparable  data   for   federally-owned   land  is  not 
available;   however,   it   is  generally  acknowledged    that  a  larger 
proportion  of   federal   land   is  In  classes   IV  through  VIII. 

It  is  a  BLM  goal  to  have  soil  surveys  for  federal  lands  completed 
by  1989.  The  USDA  is  assessing  land  capability  classification  of 
these   same   lands.  -185- 
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Appendix  H;   Water 

Introduction 

The  main  f haracterlstir  of  the  hydrology  of  arid  and  semiarid 

regions  is  the  scarcity  of  the  water  circulating  through  the 

system.   Since  evaporation  exceeds  precipitation,  an  imbalance 

between  supply  and  demand  results  when  developmental,  agricultural, 

or  other  activities  are  attempted.  To  compensate  for  these  differences, 

large  waterworks  to  impound  and  transfer  surface  waters  have  been 

built,  and  groundwater,  the  other  basic  and  sometimes  unique 

supply,  has  been  tapped  through  the  years.   In  some  cases, 

withdrawals  exceed  recharges,  resulting  in  the  sustained 

mining  of  the  resource.   Conflicts  have  emerged,  and  will  emerge  from, 

the  old  and  new  water  uses  and  users.  To  resolve  then,  economic  and 

social  values  must  be  considered  In  addition  to  physical,  technical, 

and  legal  constraints. 

Input  to  the  System 

(1)  Surface  Water 

Input  into  the  hydrologic  system  is  from  precipitation  in  various 
forms  which  does  not  necessarily  enter  at  the  time  or  location  of 
use.   Rivers  and  other  bodies  of  surface  waters  may  have 
sources  far  from  their  course  and  be  fed  by  precipitation  outside 
the  drylands.   Runoff  from  precipitation  in  the  arid  regions  also 
augments  the  flow  of  rivers,  but  rainfall  is  highly  variable  In 
time  and  area  affected.   The  intensity  of  precipitation  is 
usually  the  important  factor  in  the  runoff  occurrence  in  arid  and 
semiarid  lands  as  the  duration  of  precipitation  is  generally 
short.   Topographic  and  geological  factors  such  as  degree  of 
slope,  soil  and  rock  morphology,  and  other  aspects  also  affect 
runoff.   Snowmelt  from  mountains  represents  a  large  component  of 
the. runoff  volume. 

The  principal  rivers  and  major  drainage  basins  of  the  Western  U.  S. 
which  receive  precipitation  runoff  and  from  which  water  is  withdrawn 
to  satisfy  human  needs  are  shown  In  figure  H-1.  Figure  H-2  shows 
their  water  supply  and  use. 


(2)  Groundwater 

Groundwater  is  an  important  source  of  water  supply  in  the  Western 
States.   It  is  estimated  that  there  are  approximately  6.2  million  acre- 
feet  of  water  in  storage  at  depths  of  50  to  200  feet  In  the  11  Western 
States  (Bureau  of  Reclamation,  1975).   It  is  estimated  that  there  are 
more  than  340  million  acre-feet  in  the  Ogallala  Aquifer  In  the  High 
Plains  of  Texas,  from  which  between  8  and  9  million  acre-feet  are 
pumped  each  year  for  irrigation.   Projections  Indicate  that  by  the 
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year  2030  avaiJable  water  will  be  about  2.2  million  acre  feet  annually 
to  irripate  less   than  one-third  thfe  acreage  now  in  operation  (Grubb,  1978). 
However,  the  amount  revoverable  is  not  known  because  of  lack  of  needed 
inforrr.ation,  e.g.,  location  of  supplies  with  respect  to  users,  physical 
data  in  depth  and.  nature  of  aquifer,  pumping  costs,  groundwater  quality, 
and  policies  on  groundwater  use. 

Aquifers  are  recharged  through  Infiltration  of  precipitation  and  runoff 
in  aquifer  outcrop  areas.   In  some  cases,  the  rainfall  occurred  over  long 
periods  and  slowly  accumulated  in  porous  underground  formations.   Because 
this  type  of  aquifer  recharge  is  so  slow,  this  resource  should  be  treated 
as  nonrenewable.   Groundwater  is  being  mined  in  several  locations 
throughout  the  Great  Plains  and  Western  States  (figures  H-3,  H-A, 
and   H>3) «  and  large  declines  in  water  levels  in  areas  supplied  by  aquifer 
systems  such  as  the  Ogallala  have  been  measured. 

There  are  two  types  of  aquifers:   consolidated  or  rock  aquifers, 

and  unconsolidated  aquifers.   The  main  kinds  of  consolidated  aquifers 

in  the  Western  U.  S.  are  sandstone,  carbonate  rock,  a 

combination  of  both,  and  volcanic  rock.   The  unconsolidated 

aquifers,  which  are  extensive  throughout  the  West,  generally  have 

specific  yields  ranging  from  10  to  20  percent  of  volume  but  a 

wide  range  of  permeabilities  due  to  varying  size  and  distribution 

of  interstices  between  the  grains.   Beds  of  sand  and  gravel 

commonly  yield  a  few  hundred  to  a  few  thousands  gallons  per 

r.inute  of  water  to  wells.   These  may  also  be  described  as 

artesian  (confined)  or  water-table  (unconfined)  systems. 

Volcanic  rocks,  primarily  basalt,  occur  mainly  in  the 
Northwest  and  generally  have  low  specific  yields,  ranging  from  less 
than  1  percent  to  about  3  percent,  depending  on  the  width  and 
distributi  n  of  fractures.   Yields  of  a  few  hundred  gallons  per 
r;inute  of  v^ater  are  common  from  wells  in  sedimentary  rocks, 
especially  limestone  and  dolomite.   Consolidated  sandstone 
contains  excellent  aquifers  in  parts  of  the  Great  Basin,  the 
western  Missouri  River,  and  the  Rio  Grande  regions.  Yields  of 
wells  completed  in  limestone  commonly  range  from  a  few  hundred  to 
a  few  thousand  gallons  per  minute.   The  yields  of  wells  completed 
in  saner  tone  generally  range  from  a  few  ten  to  a  few  hundred 
gallons  per  minute  (gal/min).   The  yield  of  wells  completed  in 
shale  generally  is  less  than  10  gal/min.   Crystalline  rocks, 
widespread  throughout  the  Rocky  Mountains,  generally  yield  less 
than  10  gal/min  to  wells,  but  they  do  provide  adequate  water  for 
domestic  supplies  at  many  mountain  homesites. 

On  the  Great  Plains,  there  is  a  large  system  of  groundwater  In 
unconsolidated  sand  and  gravel  aquifers.  Most  of  the  large-scale 
pumping  for  agricultural  use  occurs  in  this  type  of  aquifer.   In 
Nebraska  alone,  there  are  now  more  than  15,000  center-pivot  irrigation 
systems,  and  their  number  is  growing  rapidly  each  year  (Wilhlte,  1979). 
Water  use  is  estimated  at  ^07,000  gallons  per  acre  per  year.   There  is 
also  large  concentrations  of  wells  in  t:.e  central  California  valley,  in 
the  Phoenix-Tucson  area  of  Arizona,  and  on  the  Texas  High  Plains. 
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Output  froD  the  System 

Hydrological  output  from  the  system  includes  evaporation, 
transpiration,  seepage  and  runoff. 

Evaporation  and  .evapotranspiration  represent  significant  water 
losses  from  water  surf ares,  soil,  and  plants,  which  cffcctivclv 
reduce  the  amount  of  available  water  in  an  already 
water-def irient  region.   Plants  transpire  water  by  taking  It  from 
the  soil  through  the  root  system  and  releasing  humidity 
through  their  leaves.   It  has  been  calculated  that  crops  under 
irrigation  consume  Al  percent  of  the  gross  diverted  water  by 
evapotranspiration.   See  figure  H-6.  Uncontrolled  growth  of 
certain  plants,  such  as  phreatophytes,  which  transpire  large 
quantities  of  water  can  drastically  reduce  the  water  available 
for  desirable  plants. 

The  loss  of  water  by  seepage  into  the  ground  under  rivers  and 
reservoirs  also  is  significant.  Most  of  this  water  percolates 
to  aquifer  formations. 

Runoff  is  the  largest  output  from  the  system  and  may  be  defined 
as  the  precipitation  that  eventually  flows  into  streams,  either 
as  surface  runoff  or  as  runoff  from  groundwater  discharge. 
Rainfall  that  reaches  the  surface  of  the  ground  initially  infil- 
trates the  soil,  but  once  the  capacity  of  the  surface  to  hold 
water  is  exceeded,  water  begins  to  flow  across  the  ground  in 
trickles  or  sheets  under  the  influence  of  gravity.  This  is  surface 
runoff.   Surface  runoff  increases  from  small  rivulets  at  the 
beginning  of  a  rainstorm  to  a  steady  torrent  if  the  rain  lasts  long 
enough  to  saturate  the  storage  mechanisms  in  and  on  the  soil. 
Toward  the  end  of  a  prolonged  rain,  nearly  all  of  the  water  that 
reaches  the  ground  joins  the  surface  runoff. 

In  contrast  to  the  rapid  variations  of  surface  runoff  in  response 
•to  precipitation,  groundwater  runoff  discharge  provides  a  much 
steadier  flow  of  water  to  streams  (Muller,  1974). 

Runoff  from  groundwater  supplies  the  base  flow  that  maintains 
rivers  through  periods  of  drought;  however,  base  flow  is  rather 
insignificant  in  arid  and  semiarid  lands  (See  figure  H-7.) 
On  the  other  hand,  extreme  use  of  groundwater  resources  may  reduce  the 
flow  of  streams  and  deplete  surface  water  supplies.  A  recent  court 
case  in  Nebraska  favored  a  surface  water  user  against  Irrigators  who 
had  drilled  wells  for  their  center-pivot  systems  (Upper  Midwest  Report, 
Jan. -Feb.  1981).   Land  use  has  a  very  important  direct  effect  on  the 
runoff  and  infiltration  rates  (figures  H-8  and  H-9). 

The  unpredictable,  erratic  Intensity  of  rainfall  in  the  dry  Western 
States,  sometimes  in  conjunction  with  unfavorable  soil  traits,  may 
Increase  the  runoff  leaving  the  system,  thus  decreasing  the  available 
■moisture  needed  for  plant  production.   Figure  H-ID  shows  the  variability 
of  flow  of  the  Colorado  River  at  Lee  Ferry,  Arizona,  over  a  period  ot 
76  years. 
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Figure  H-3 


Groundwater  Withdrawals  in  Excess  of  Recharge 


Gro'jndweter  Mined 


Water  Resources 
Region 

Missouri 

Arkansas-White-Red 
Texas-Gulf 
Rio  Grande 
Upper  Colorado 
Lower  Colorado 
Great  Basin 
Pacific  Northwest 
California 

Western  f'e^iC'S 
Conterminous  U.S. 
Western  Regions  as  a  Percentage 
of  Total   U.S.:     96.1 


Amount 

(Million 

gal /day) 

Percent 

2,557 

25 

5.457 

62 

5.578 

77 

657 

28 

0 

0 

2,415 

48 

591 

42 

627 

9 

2,197 

12 

2C,079 

20,889 

Source:     USDA.   RCA,  1980. 
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Figure     H-9 
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Appendix  I:  Effect  of  Social  Structure 

The  cocposltlcn  of  a  society  and  the  conditions  under  which  it 
functions  affect  the  reactions  of  a  given  population  to  legislating, 
funding,  and  Isplesenclng  policy  proposals. 

Scse  of  the  husan  factors  influencing  the  declslorxaking  process  are 
age,  cultural  background,  Incose  level,  type  of  conounlty  activities, 
population  stability  and  density,  and  eaployaent  (figures  I-l  -  1-6). 
The  combination  of  these  factors  or  the  effects  of  a  single  one  say 
result  in  different  decisions  which  could  affect  envircnoental  quality 
issues.  Job  opportunities,  recreation  activities,  development  of 
natural  resources,  coocunlty  growth,  etc. 

The  perceptions,  real  or  not,  of  the  lapact  that  certain  proposed  or 
ongoing  activities  say  have  on  the  survival  and  ftjlfillDent  of 
individual  and  cocsunity  needs  and  desires  are  crucial  in  deciding 
whether  to  undertake  and/or  continue  the  activities  in  question. 
Perceived  financial  irspacts  influence  the  selection  of  option.-  to  a 
great  degree.   In  a  situation  in  which  there  are  losses  of  an  econccic, 
ecological,  political,  or  any  other  nature  that  may  threaten  Individual 
and/or  corziunlty  survival,  security,  and  esthetic  and  intellectual 
needs,  the  options  followed  are  generally:   (a)  to  acdify  the  cause  so 
as  to  reduce  the  frequency  of  events  that  result  in  losses;   (b)  to 
codify  the  process  by  which  the  losses  occur  or  to  channel  the  forces 
of  the  event;  or  (c)  to  modify  the  loss  potential  so  as  to  reduce  the 
losses  after  the  event  has  occurred.  The  decision  to  follow  either, 
sone,  or  all  of  these  peths,  and  to  what  extent  and  direction,  is  a 
function  of  the  factors  mentioned  above,  as  well  as  others. 
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Figure  1-5 

American  Indian  Population  In  the  Western  States 


1960 

1970 

Great  Plains 

118.583 

178.455 

Kansas 

8.672 

Nebraska 

6.624 

North  Dakota 

14.369 

Oklahoma 

98.468 

South  Dakota 

32.365 

Texas 

17.957 

Mountain 

188.004 

235.439 

Arizona 

95.812 

Colorado 

8.836 

Idaho 

6.687 

Montana 

27.130 

Nevada 

7.933 

New  Mexico 

72.788 

Utah 

11.273 

Wyoming 

4.980 

Pacific 

68,116 

137.914 

California 

91.018 

Oregon 

' 

13.510 

Washington 

33,386 

Source:  U.S.  Bureau 

of  the  Census. 
,  1978. 

Statistical  Abstract 

of  the  U.S. 
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Appendix  J;   Econoinic  Concerns 

The  Impact  of  desertification  on  arid  and  seniarid  land  economic  systems 
may  be  quite  high,  but  data  is  scarce,  sketchy,  and  far  from  definitive. 
Nevertheless,  the  need  for  even  a  gtoss  assessment  of  such  impacts, 
especially  on  the  agricultural  and  supporting  industries,  should  be 
emphasized.   The  possible  spread  of  desertification  and  degradation  of 
the  land  and  water  resource  base  of  the  Western  United  States  could 
adversely  affect  economic  growth  in  that  region.  This  is  true  in  part 
since  agricultural  production  is  an  important  component  of  the  economic 
base  (table  J-1)  and  desertification  would  likely  adversely  affect 
agriculture.   Deterioration  of  the  water  resources  would  affect  other 
activity  as  well,  placing  strains  on  industrial,  urban,  and  energy 
development  (table  J-2).   It  is  also  important  to  ascertain  the  value 
of  lost  systems,  and  the  costs  of  various  levels  of  rehabilitation, 
conservation,  control  and  prevention  practices.  These  cost/benefit 
studies  are  essential  in  deciding  which  action  should  be  taken  and  to 
what  extent. 

What  makes  the  evaluation  of  the  impact  of  localized  desertification 
especially  difficult  is  the  interdependence  among  all  economic  sectors, 
and  the  ripple  effect  that  occurs  throughout  the  regional  and  national 
economic  systems.   Table  J-3  shows  the  estimated  total  impact  of  a 
$100,000  loss  in  dryland  crop  production  on  Texas  industries.  The  table 
reveals  that  the  ripple  spreads  to  become  a  $374,000  loss.   A  loss  of 
this  nature  is  common  in  the  Western  U.  S.  due  to  the  highly  variable 
annual  weather  conditions.   Table  J-A  shows  what  has  happened  in  the 
past  when  drought  hit  the  Western  U.  S.  in  the  1930s  and  1950s.  Crop 
failures  increased  dramatically,  and  related  business  and  services 
suffered  economic  damage  as  a  consequence. 

Another  factor  of  primary  importance  in  deciding  which  management, 
conservation,  and  control  practice  to  follow  is  the  energy  budget  of  each 
alternative.   For  example,  in  Nebraska  alone,  2.4  million  acres  are  now 
irrigated  by  center-pivot  irrigation  systems.   Each  year,  83  million 
gallons  of  diesel  fuel  are  necessary  merely  to  drive  the  pivot,  not 
including  pumping  of  groundwater  or  other  related  energy-consumptive  uses. 
There  are  now  nearly  55,000  center-givot  irrigation  systems  in  the  U.  S. , 
and  this  number  is  increasing  rapidly  each  year  (figures  J-5  and  J-6) . 

Another  economic  consideration  is  the  increasingly  intense  use  of  the  land, 
augmented  by  demand  on  the  groundwater  supply  and  associated  problems  such 
as  salinity  buildup  which  lead  to  an  increased  energy  budget.   In  such  a 
case,,  the  energy  needed  to  augment  water  supplies  and  control  salinity, 
added  to  the  energy  necessary  to  maintain  the  level  of  production  (more 
fertilizers  and  pesticides,  as  well  as  water  treatment  costs),  should  be 
calculated.   These  energy  costs  are  important  determinants  in  deciding 
on  the  continuation,  termination,  or  change  of  procedures. 

Financial  systems  can  influence  economic  climate  of  an  impacted  area  so 
as  to  support  economic  growth  and  to  mitigate  economic  shocks.   For 
example,  short-term  loans  are  now  available  to  meet  seasonal  peaks  in  loan 
demands  often  experienced  in  agricultural  and  recreation-oriented  areas. 

-208- 


Some  issues  of  Importance  to  the  economic  growth  and  financial  stability 
of  regions  subject  to  drought  and  desertification  include: 

1)  The  impact  of  drought  and  desertification  on  industrial,  urban,  energy, 
and  recreation-related  economic  activity  and  development  plans  in  the 
semiarid  and  arid  Western  United  States — along  with  the  consequent 
impact  on  credit  demands; 

2)  The  impact  of  drought  and  desertification  on  the  rural  infrastructure, 
including  those  firms  that  supply  inputs  and  services  to  farm  producers, 
as  well  as  those  firms  marketing  farm  products; 

3)  The  ability  of  farm  and  ranch  operators  to  service  debts  from  potentially 
reduced  case  flows  associated  with  less  water-intensive  agriculture; 

A)     The  stability  of  financial  institutions  in  the  event  of  widespread  loan 
restructuring  or  default  as  a  result  of  reduced  economic  activity 
related  to  drought  and  desertification; 

5)  The  appropriate  role  for  government  to  play  in  providing  emergency 
credit  and  insuring  private  sector  losses  associated  with  desertification; 

6)  The  spillover  effects  of  drought  and  desertification  in  the  Western 
States  to  otherwise  unaffected  areas  of  the  country  (i.e.,  reduced  food 
production,  reduced  energy  production,  reduced  demand  for  goods  and 
services,  diminished  recreation  opportunities,  lower  foreign  exchange 
earnings  if  agricultural  exports  suffer). 

These  issues  require  both  qualitative  and  quantitative  analysis.   State  and 
regional  input-output  models  as  well  as  large-sector  models  will  support 
such  analysis.   Some  of  the  required  analytical  work  that  may  already  have 
been  done  by  universities  and  State  or  regional  agencies  should  be  brought 
together  to  assess  these  and  other  pertinent  issues. 
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Figure      j-6 


ACRES  IRRIGATED 
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Source:  USDA,  1978  Handbook  of  Agricultural  Charts. 
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Appendix  K:     Federal    Institutional   Responsibility 

Introduction 

The  legal  and  Institutional  arrangement  presented  here  provide  a  framework 
for  cooperation  with  other  similar  State  entities.  However,  such  a 
framework  is  not  always  used  to  Its  fullest  and  best  extent.  For  example, 
one  study  found  that  the  main  water  problems  of  arid  and  semiarid  lands 
existed  not  because  of  technical  Incapacity,  but  because  of  deficiencies 
in  policies  and  procedures. 

The  goals  and  values  of  closely-related  institutions  at  different  levels  of 
government  are  seen  as  clashing.  A  trend  toward  greater  centralization 
combined  with  a  heightened  concern  for  natural  and  wildlife  resources  has 
fostered  competition  rather  than  cooperation  between  the  States  and  the 
Federal  Government.  Federal  advocates  argue  that  theirs  is  the  broader 
jurisdictional  reach. and  that,  for  example,  populations  of  animals  should 
be  subjected  only  to  Integrated  and  systematic  management  of  a  sort  which 
cannot  by  its  nature  be  applied  at  the  State  level.  In  rebuttal,  the 
States  maintain  that  they,  after  all,  are  on  location  in  the  field  with 
the  personnel  and  the  initiative  to  deal  with  the  problems  at  ground 
level. 

What  follows  briefly  describes  the  agencies'  responsibilities  and 
capabilities  to  carry  out  the  missions  mandated  by  existing  legislation. 
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evpiTtt'se  in  n  prupc^jl.  Those  ir.lrrcsicd 
mny  Ihrn  r.ont«ct  the  potcnlinlly 
involved  nprnrics  lo  obtain  infurm^tion 
en  the  Umici  ond  to  participntc  in  the 
NEPA  procrn. 

The  list  it  org.-inizcd  into  four  broad 
calesorict:  pollution  control,  energy, 
land  use.  and  nMiura!  resource 
management.  Dccousc  some  nctivitica 
may  fall  into  more  than  one  of  these 
categohei.  users  of  the  list  should 
consult  alt  pertinent  enlriea. 

bdra 

/.  fuVution  Control 

A.  Air  Pollution. 
E  Water  Pollutjon. 
C  Solid  Waste 
q  NoiM. 
1^  Kadialioa, 
f.  Hflt«r|)ouf  Substances. 
Toxic  M«i«nitla. 

Food  AJdiiivrt  and  Confer  natioo  of  Food 
Stuff. 
Fralieidc*. 

II.  EntrfiY 

A.  Brclric  Power. 

B.  ^Irolrun. 
X^  Natural  Cm. 

Xi  Coal  *ni  klinerala, 

III  Land  Vst 

A.  Land  I'w  Chsrgps.  P7;innir^g.  and 
Rf  (utation  of  Land  Oi « cIorrncnL 

B.  Public  Land  M^naSi-menL 
C  Coastal  Arras. 

D  Cnvin)nmtn:«!l>  Criiir.<tl  A.-eas 
L  Community  Ocvrbp.T.cnt. 
Buill  up  Of  Oist'f^svd  Areas. 
Dtruily  and  Congts'.ion  Mit:g3iion. 
Neigftborbood  ChA.-j:ter. 
f.  HiUonc  ArLhiirrturai.  and 
Aniteobgical  Prcser\«iion. 
C  Outdoor  Rearaiion. 

IV.  S'elvroi  Htjource  Mono^emcnt 

A.  Weather  Modlficatioa. 

B.  Waler«k«y  RrguJalton  and  Strean 
Modification. 

C  Soil  and  Plant  Conservation  and 
Hydrology. 
D  Fuh  and  Wildlife. 

C.  RencMaLIc  Resources. 

F  Cncrg)-  and  Nittur^l  Retource* 
Cotkcrvation. 

L  Pollution  CoiUroI 

A.  Air  Pollution 

Depart/ntnt  of  Agriculture 

Forest  Service  (effects  of  «ir  pullution 
on  vegetation  and  visibility;  Are  smoke 
management). 

Soil  Conservation  Service  (effects  of 
•ir  pollution  on  vvgeldtiun.  wind 
•rosion). 

Deportment  of  Commerce 

K'alionjl  Oceanic  and  Atmospheric 
Administration  (mcleorotu^ic^l  imd 
clim«iolo^iuil  rvkviinJi  itnJ  moniluring: 
urban  poUuliun). 


Df/'artrnritt  vfDt  fvnto 

T^i-piirlmcnt  of  the  Air  Fttruc  (ptillution 
from  nilii.iry  .lircrjft^ 

Deportment  of  Energy 

Energy  Inforpalion  Adnini^tr.tlion 
(eoiis-siuns  from  energy  suurccs). 

'Approvals  of  pUns  fur  pimtT  pi.intt 
ond  m;tjor  furlborning  f.urilitiea: 

Fedcrnl  Fncrxy  A<linini»tralion  Act  of 
1974. 15  U.S  C.  7Cl-790h. 

Pcwerpliint  nnA  Industrial  Furl  Use 
Act  of  197B.  Pub.  L  9S-C20.  92  Slat  32R9. 

Deportment  oflleolth.  Etiucotion.  ond 
Welfare 

Public  I  k-dllh  Service 

Center  for  Oisejse  Cunlrot  (effects  of 
•ir  pollution  on  heiilih). 

NationHl  Institutes  of  Meullb  (effect! 
of  air  pollution  ond  health). 

Depcrtmeiit  of  Housing  ond  Urban 
De\  ehpnieni  (housing  and  community 
planning) 

Deportment  of  the  Interior 

Bureau  of  Indian  AfTdirs  (Indian 
lands). 

Bureau  of  Land  Mjndgement  (public 
lands). 

Bureau  of  Mines  («ir  pollution  for 
mining  and  minerals  processing  and 
fossi?  and  grtseous  fuel  combustion). 

Pis'-  and  Wiidlife  Service  (effects  of 
•ir  pollution  on  fish  and  v^iidiife). 

CeologiCfil  Survey  (emissions  from 
outer-continental  shelf  lease 
operations). 

HerilAge  Conservation  and  Recreation 
Service  (recreation). 

Nationol  PHrk  Service  (visibility  in 
nutiunal  pnrks). 

Office  of  Surfjce  Mini.ig  Re riam.ition 
and  Enforcement  (.'urface  mining). 

Deportment  of  labor 

Kfining  Safety  and  Health 
Administration  (airborne  pollutants  in 
workplace  (mines)). 

Occupstiori«l  Safely  itnd  Health 
Administr<4(ion  (airborne  poltutdnta  in 
workplace. 

Deportment  of  Transportation 

Coast  Cuard  fcar^o  'a.nk  venting  and 
vupor  recovery  systems). 

Federal  .^^iittion  Adrr.inistraiion 
(aircr^fl  rmtstions). 

Ftfdt-rdl  Ili^'Swwy  AJnu^i^tr<4tlon 
(hi^}:v\uy  rtLitrd  iiir  qurf'ity  inip-icls: 
vehicle  cn.iNsiuns). 

Feilcr.il  R.iii.'u.id  Aili:iinisirjtion 
Pnconiilivr  •  ituii>iuRs). 

Urli.in  S*a-j%  Tr.nsj»crl.ilion 
Adniin'^ii.itiun  (urUin  traiispurtaiioo 
•jstvmsl. 
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Eniitormrntul Pn >tt 1 1ntn  Ayincy 
(fffvc.ts  of  air  poltutn>n  on  ptihiir  hnt/if, 
and  ¥>e!fiin>:  air  qurlily  critrrio  nnd 
stonifords.  irA/r/c  onil oin-mft 
emissions} 

*  Prev4'nliim  of  signiri&int 
drlenor.iliun  of  air  qujtdy.  42  U.51C. 
7470  vf  seq. 

'  Application  for  priroary  nunfirrroua 
smelter  order.  42  U  S  C  7419. 

*  Assuring  (hat  fi'deral  prufects 
conform  to  st<ite  implementation  pl.iru 
under  Clcdn  Air  Act.  42  DSC.  7616. 

Sotionol  Aeronautics  ond  Space 
Administration  (advanced technology 
for  renwte  sensing  of  air  quality 
parameters  end  for  rvducUon  of  aircraft 
engine  emissions/ 

Nuclear  Regulatory  Commission 
(radioactive  substoncnf 

Ternessee  Valley  Authority  (  Ttunt-ssfit 
Valley  region! 

B.  Water  Pollution 

Water  Quality 

Department  of  Agriculture 

Agriculture  S'^bilizitlion  artd 
Conservation  Service  (j^ricullurk] 
lands). 

Forest  Se.'-vice  (Ndlional  Forest  lands). 

Soil  Conservation  Service  (wotershed 
protection) 

Dtportnitnt  of  Commerce 

Maritime  Administrulion  (marine 
po'lalion  from  ships). 

Nalinna!  Occunic  anj  Atomo^pheric 
Administration  (mitnu^rment  and 
protectiun  of  coa&idi  and  marine 
resources. 

Deportment  of  Defense 

Army  Corps  of  Engineer*: 

*  Rules  governing  work  or'structurcs 
in  or  affecting  ndvig'ible  woters  of  the 
United  Slates.  33  I'SC.  40k.  403  «nd  419 

*  Permits  for  river  and  harbor 
improvement  projects  33  VSC  Ml. 

*  Authority  to  enjoin  or  force  removal 
of  refuse  pl.iced  in  or  on  the  bunks  of  a 
navigjble  water  or  tributary  of  a 
njv.-gjble  wdter  33  U.S  C  407. 

*  Permits  fur  private  projects  to 
improve  navig.ible  MSlers.  33  U.5C  SC&. 

*  Permits  for  discharge*  of  drtJ^i-d  or 
Till  muleriuls  into  njvig^blc  wnlers.  33 
use  1344. 

*  Permits  for  tr.tn*por»«?ii)n  of 
dredged  mnleridls  fur  (lumping  into 
or.e^n  waters  33  H  SC  1413. 

Ocpirtment  of  Nav/  (>hip  pollution 
Cunlrol). 
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Dt^P^irtnwnt  of  llrolth.  Erfm  atinn.  and 
iVt'/fore 

Public  I  Iciilth  Service  (erTrcls  of 
pollution  un  hc«lih). 

Dcpartn.ent  of  the  Interior 

Burftiu  or  Indian  Affdirs  (Indian 
landji). 

Bureau  or  L<nd  Kfnnjgcmcnl  public 
lunds.  cn.istal  7jne  mjniigrmcnt.  outer 
eonlinpni.<I  shcIO- 

Burruii  of  Mini's  (mining  MCti\ilics). 

.Durc.<u  uf  Ri'r  t.in.iiij>n  (puMir  wurka). 

Fish  and  Wildl.fc  Si-rvicc  (cfferls  on 
Tish  and  »ilJ!ifc  rrsourcrs|. 

Ceolojical  Survey  (hydrulojy). 

Heritage  Con«i-rv  jfion  and  Rccrpatiun 
Sci%-ice  (effrcls  un  hisiohc  or 
recreational  volurs). 

National  Pdrk  Svrvite  (National 
Parks). 

Office  of  Surfrice  Mining  Reclamation 
•nd  Enfofcemftnt  (h\drologiC  balance  in 
lurface  ir.ining  aciu  itif  $). 

OfTice  of  Wdier  Rcsejrch  and 
Technology  (wjter  resources  planning) 
Department  of  Trnnsporiation. 

Assistant  Secretary  for  Policy  and 
International  Affrtirs  [tr.\  ironT^ental 
review  of  depjrtnu-niHl  pr>>grdms). 

Coast  Guard  (oil  spills  ship 
sarMalion): 

*  Tanker  construrribn.  equipment, 
manning,  operation.  -Je  U.SC  391a. 

-  *  Oil  and  hazardnus  Subs:anccs 
discharge  prevention  33  I'.S  C  1321. 

*  Pollution  prevention  (33  CFR  151. 
154-6). 

*  Vessel  navigdiion.  watprfront 
facility  refulalions.  33  U  S  C  1221  (SO 
use.  191). 

•*  Cerlincalion  of  marine  s'anitation 
devices.  33  US  C.  1322  |33  CFK  159). 

Bnvironmenlol  Prelection  Agency 
(treotrrfent  works:  e'f'uent  liniiiotions; 
oil  and  hazardous  subsfonce 
discharges) 

*  Permits  for  discharge  of  specific 
pollutants  under  aquaculture  project.  33 

U.S  c.  132a. 

*  Permits  for  ditprsal  of  sewage 
•ludge  33  use.  1345. 

*  Oil  Spill  prevention,  containment 
•nd  countermeasurt  plans  (prepared  by 
facility  owner/operator)  33  U.S  C.  1321. 
1361  (40  CFR  1112.7). 

*  Permits  for  treatment,  storage  or 
disposal  of  hazardous  wastes  42  US.C 
6925. 

*  Temporary  underground  injection 
permits  S.ife  Drinking  Water  Act.  41 
U.SC.  300h(C)|l). 

*  National  Pullulant  Discharge 
Diminaticn  System  (NHDHS)  permits.  33 
use  1342. 


Ftttfrul  Mtiritiiiif  C''n:nission 

*  Crrlific.ilcs  of  fir.mnal 
re.*pi;n>ibiltty  for  w.iti-r  pxIluLon.  33 
US  C  l.t:i  (4G  CIR  P.irl  .M2J  42  U  S  C 
1643  (4C  CKR  Part  5431.  43  US  C  IHIS  (46 
CFR  Pan  544).   ' 

Notional  Aeronaut irs  and  Spore 
Admmistrotion  (oJ\  orxed  tixhnnlogy 
for  remote  sensing  of  water  quality  J 

Murlrar  Rf^uloior)-  Commission 
(rndivortne  sub^tonrest 

Tennessee  Volley  Authority  (Tennessee 
Volley  Region) 

IlVj/tT  Rrsnurres  Co>incil  (principles 
and  ilonJordsj 

River  Oasin  Comm:s!(ions  (at 
gccgraphirally  apprcpriale) 

Pollution  of  Marine  Resources 

Deportment  of  Commerce 

Maritime  Administration  (port, 
coastal  and  ocean  pollution): 

*  NterchanI  vessels  polluting 
dis'h«rgfs  and  dumping  46  U.SC.  1101. 
ef  seq. 

'  Port  operations,  polluting 
discharges,  and  dumping.  46  U  S  C  867 
(41  Stat.  992). 

National  Oceanic  and  Atmospheric 
Administration  (coastal  zone 
management;  ocean  pollution). 

Department  of  Defense 

Army  Corps  of  rnginetrs: 

*  Rules  governing  work  or  structures 
in  or  affecting  nav  i^dble  w  atcrs  of  the 
Uniied  Slates  33  US  C.  401.  403  and  419. 

*  Permits  for  river  and  harbor 
improvement  projects  33  U.SC.  541. 

*  Permits  for  private  projects  to 
improve  navigable  waters.  33  US.C 
5651. 

*  Permits  for  discharges  of  dredged  or 
nil  materials  into  navigable  waters  33 
U.S.C.  1344. 

*  Permits  for  transportation  of 
dredged  materials  for  dumping  into 
ocean  waters.  33  U.S  C  1413. 

*  Authority  to  enjoin  or  force  removal 
of  refuse  placed  in  or  on  the  banks  of  • 
navigable  water  or  tributary  of  a 
navigable  water.  33  U  S  C  407. 

*  Regulation  of  nrtificial  istnnda. 
installations  and  devices  on  the  outer 
continental  shelf  43  U  SC  1333(e) 

Department  of  the  N'av7 
(oceanc;;raphy;  pollution  from  ships). 

Deportment  of  Energy  (energy 
pro^romsi 

Depor'.r.wnt  of  Health.  Education,  and 
Welfare 

Public  Health  Service  (effects  on 
health). 


Fond  i«nd  Drug  AdministMtinn 
(Khcllfi.sh  s.mit.iiion:  ronl.it'iin.itiun  of 
fikh  and  shellfish  with  toxir.K). 

Dtpiirtnwnt  of  the  Interior 

Dure.iu  of  Indian  Aff.iirs  (Indian 
lands). 

Durc.iu  of  Land  M.m.igemcnt  (public 
lunds): 

*  Coral  h.trvrstin);  (oiiirr  cnnlincnial 
thclf)  43  U.S  C.  1334  (43  CFR  6224). 

*  Mineral  leasing  on  the  outer 
continental  shflf  43  US  C  1331-1343. 

Bureau  of  Mini.'s  (nr.ean  mining). 
Fish  and  Wildlife  Service  (effects  on 
sport  fisheries). 
Geological  Survey: 

*  Permits  for  geological  and 
geophysical  exploration  on  outer 
continental  shelf.  43  US  C.  1340  (30  CMl 
251). 

*  Permits  for  exploration  and 
development  activities  un  federal  oil 
and  g<4S  leases  on  the  outer  cuntim  ntal 
shelf.  43  US  C  1331  »•/  srq.  (30  CKR  2501. 

*  Estuiirinc  Ar;:.is  Act.  16  U.S  C  1224. 
Merit. ige  Conservation  and  Recreation 

Service  (effects  on  hi»tnric  and 
recre.'ilional  values  of  marine  resources). 
Ocean  MinintE  Adrnmiktration  (oi.enn- 
mining). 

Deportment  of  State  (internoticnol 
marine  resource  issues! 

Deportment  of  Transportation 

Coast  Guard  (ocean  dumping 
enforcement,  and  marine  resource 
protection). 

Environrr.entol  Protection  Agency 

'  Permits  for  ocean  discharges.  33 
use.  1343. 

*  Discharge  of  specific  pollutants 
under  aquaculture  p.'oject  33  U.SC 
1326. 

*  Permits  for  disposal  of  sewage 
•ludge  33  use.  1345. 

*  Permits  for  transportation  of  ocean 
discharge  materials.  33  U.SC  1411 1414. 

Sationol  Aeronautics  and  Space 
Administration  (advance  techno/fgy  for 
remote  sensing  of  water  quality) 

Nuclear  Regulator}  Commission 
(radioactive  substances) 

Woter  Resources  Council  (principles 
ond  standards  for  water  plans) 

River  Biisin  Commissions  (as 
geographically  appropriate). 

C  Solid  Waste 
Deportment  of  Agriculture 

Forest  Service  (National  Forests  an. 
Grasslands). 

Soil  Conservation  Service  (watershed 
protection). 
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tortmcMt  of  Comiperao 

4drilirne  AJminislralion  (marine 
pollution  from  ships). 

Deportment  ofDcfentt 

I       Army  Corps  of  Cngincen: 

*  Rules  governing  work  or  structure! 
in  or  MfTrciing  nHvigable  waters  of  the 
United  StJies  33  US  C  401.  403  and  419. 

•      •  Discharge  of  dredged  or  fill 

materials  into  na\-igab!e  waters.  33 

U^C1344. 
\      *  Transporlalion  of  dredged  matcrjals 

for  dumping  into  ocenn  waters.  33  U.SC 

141X 

Departawnt  of  Health,  Education,  and 
Welfare 

Public  Health  Service: 

Center  for  Disease  Control  (effects  on 
health). 

Food  and  Drug  Administration 
(eontamioation  of  food  resulting  from 
disposal  of  municipal  and  induslnal 
waste  trcatr.ent  sludge). 

Deportment  of  the  Interior 

Bur&au  of  Indian  Affairs  (Indian 
lands). 

Bureau  of  Land  Miinagement  (public 
ds). 

Jureau  of  Mines  (mineral  waste  mine 
add  waste,  municipal  solid  waste, 
recycling). 

Ceologica!  Survey  (geologic  and 
byd.*ologic  effects). 

National  Park  Service  (National 
ParkiV 

OfTtce  of  Su.'-face  Mining  Reclamation 
ud  ErJorcement  (surface  mining 
wastes). 

Deportment  of  Transportation 

Coast  Guard  (ship  kanitatioa). 

Inrironmental  Protection  Agency  (solid 
vastes  and  recycling— generaHy) 

*  Permits  for  disposal  of  sewage 
ludgc.  33  U.S.C  134S. 

*  Control  and  disposal  of  solid  waste. 

—use 

*  Resource  Conservation  and 
icovery  Act.  42  USC  69C4  (40  CFR  3. 
1.2S5). 

*  Permits  for  treatment  storage,  or 
Isposal  of  hazardous  wastes.  42  U.S.C 
.}2S. 

*  Use  of  restricted  toxic  substancec— 
lemptions  from  rules/rrgulaliona.  IS 
VC  2601 -2&29. 

Transportation  and  handling  of 
i    i*tenious  substances.—  U.S  C 


Ccne ml  Services  AdmiitiiUvtion  (public 
buildinjisf 

Nuclear  Rryuhtory  Qinimifsioil 
(radioactive  wostcl 

*  Lfccnstng  of  miliunc1i\-e  w;i<(trs  42 
U.S  C  2071-2114.  5(M2  tlO  CKR  P-irts  2a 
40). 

Tennessee  Volley  Authority  (Tennessee 
VoUcy  rt'sionf 

Water  Rf sources  CouiK.it 

River  Djsin  Commlssiuns  (ai 
geographically  Appropriate). 

D.  Soise 

Deportment  of  Agriculture 

Forest  Ser\'ice  (National  Forests  and 
Grasslands). 

Department  of  Commerce 

National  Bureau  of  Standard* 
(measurements,  standards,  and 
methods) 

Depcrtment  of  Defense 

Department  of  the  Air  Force  (military 
aircraft  noise). 

Deportment  of  Health.  Education,  and 
Welfare  (effecU  on  hiollhl 

Depor'.rient  of  Housing  and  Urban 
Devclcpmcnt 

Office  of  Community  Planning  and 
Development  (environmental  criteria 
and  standards  for  housing  and  land  use). 

Department  of  the  interior 

Bureau  of  Indian  Affairs  (Indian 
lands). 

Bureau  of  Land  Managtmeni  (public 
lands): 

*  Lease  of  public  lands  for  airport*.  4ft 
use  211-214  (43  CFR  2frtO). 

*  Off  road  vehicle  noise.  (E.0. 11644). 

Bureau  of  Mines  (mine  noise,  blasting 
Mnd  vibration^ 

Deportment  of  Labor 

Mining  Safely  and  Health 
Administraiioc  (noise  in  the  workplace). 

Occupatioftal  Safety  and  Health 
Administration  (noise  io  the  workplace). 

Deportment  of  Tronrportotion 

Federal  Aviation  Administratiorv 
OfTicc  of  Environment  and  Energy: 

*  Airporl  construction,  allcrut'cn.  etc 
49  US  C.  13:X>.  1354. 13:»S  (14  C>  R  157). 

Federal  lfi|:^way  Administration 
(trsffic  and  ir^lur  carrier  noise). 

Federal  Raitrond  AJministmlion 
(railroad  noise). 

Urban  Mass  Trjiisporiation 
Administration  (transit  noise). 


Em  .'rur.ntvnful  Prutrttinn  Afiriny 

*  Nuixe  Control  Act  of  l!r2.  42  H  SC 
4!X)1-1!)18. 

*  Nalion.tl  .Aeruniiuliis  iind  Sp;ii» 
Adminittriition  (.idviinix  lci.hnul<i)(y  for 
n-iliirtiun  of  .-lirrraft  noise) 

£.  Radiation 

Depart  nwnt  ofConunvrce 

Natiun.il  RurcHU  uf  Sl.md.irda 
(mcasurcmrnls.  st.mJarJs.  methods  and 
data). 

Deportment  ofEnrrjiy 

Office  of  Enrr^y  Technology  (nuclear 
energy). 

Deportment  ofllrolth.  Education,  and 
Welfare 

Public  Health  Sirvicr 

Food  and  Drug  Ailmim'strution  (health 
and  safety:  cuntamin.Miun  of  food  with 
radioactive  materiaU). 

.K'alionul  Institutes  of  Health  (health). 

Deporinwnl  of  tlie  tntt-rior 

Bureau  of  Indian  Aff.ilrs  (!ndiao 
lands). 

Bureau  uf  Lmd  M.in.igcmcnt  (public 
lands): 

*  Leases  for  pho<iph.i'e  and  uranium. 

—  use. 

*  Leases  fur  withdrawal  of  public 
lands  for  radiation  w.tsir  depository 
(deep  burial). US.C  — — % 

Bureau  of  Mi:)cs  (uranium  mines). 
CcoIo];ical  Survey  (was'.e  disposal). 

Departn\ent  of  Isobar 

Mining  Safety  and  Health 
Administration  (urdnium  mines). 

Occupational  Safety  and  Health 
Administration  (worker  exposure  to 
sources  of  radiation  not  covered  by  the 
Depar'*>ment  of  Energy). 

Department  of  Transportation 

Federal  Highway  Administration: 
Bureau  of  Motor  Carrier  Safety 
(enforcement  of  hazardous  materials 
regulation  for  highway  trnnspurlation  in 
inters  tale  commerce). 

Environmental  Protection  Agency 
(radioactive  air  emissions) 

Sucleor  Rcjiulatory  Comnission 
(rodiotion  effects— QenreotlyJ 

*  Licenses  for  special  nncleer 
material.  42  U.SC  2U73-20rs  (10  CFR 
Part  70) 

*  Licenses  for  source  malcri.iL  42 
U.SC.  ICJl-Zih'Q  (10  C^^  Pari  40). 

*  Licenses  for  bypntduel  miilcrial.  42 
use  2111-2114  (It) CKR  P.irts  ."UWS). 

*  Licensing  fur  uiitizalinn  or 

pi  jduction  f.iw'ilitii'i  fur  inJusirial  or 
commercial  prirpusra.  ^l  U.S-C  2U1- 
2133(10CFKP.<.tiO|. 
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•  !.)» rnsir.5  iitil?.ti' jn  or  prn.Iji  t;nn 
f*«cili!i'i  fur  trr.ln  .il  lti«  '.ip\  .tnd 
rcsrjfLh  -rj  ilp\rl'-i.r.nnl.  42  U  SC. 
21M(inuRParlS0) 

•  Nuf!'*i«r  power  rr«r!or  rprr.ifort 
license.  42  US  C  Z\3'  (10  Cr  R  Pjrl  55). 

•  Licrnting  ..rd  rcs'.itotmf;  Di  p  irirnvnl 
of  Fncrfty  drmsnslrdtion  rf>actors  42 
U.S  C.  5642. 

•  Liccf»$ing  Dcpdrlmcnl  of  F.ncrpy 
ftfcilitiei  for  rcci-ip'.j)nd  siorii^p  of  high< 
level  radioactive  v^dslcs.  42  US  C  5R42. 

f.  Hmcrdoiis  Si-bstonres 

Toxic  M.tiiTiiiU 

Consiinu-r  PwrlLCt  Sc^ify  Commission 
fconsjr.i':'  proJut:!  fufely) 

Deportment  of  A^ricufture 

Agricultjral  Mdrknting  Services 
(consumerT>rcirclion). 

Animdl  and  Fi.^ni  llcalth  Inspection 
Ser\ice  (disease  vectors). 

Deportment  of  Ccmmerce 

Maritime  Adrr.i.-iistrdtion  (port, 
coastal  and  ocean  pullution): 

•  Merchant  vessels,  polluting 
dischjrges  and  dur.pmg  46  US C  1101 
ei  seq. 

'  Port  operations,  po'luiing  dischargea 
and dux.ping.  46  U.SC  %r  (41  Slat. 
992). 

.National  Djrcau  ofS'jndards 
(rr.easurrmvnts.  slcndd.-ds  meihods  and 
data] 

Nationdl  Oceanic  did  .Atno'phehc 
Adminislrd!iun  (coastal  and  marine 
resources  management  and  protection). 

Deportment  of  Defense  (mHi'.ary 
operations} 

Deportment  of  Hoohh.  Educction.  and 
Mt.'fort 

Public  Health  Sen  ice: 

Center  for  Disease  Control  (heaith 
issues). 

Food  and  Druii  Administration 
(contamin>ition  of  food). 

National  institutes  of  Health  (health 
issues). 

Deportment  of  Housing  end  Urban 
Development 

'  OfTtce  of  Policy  Developm«fnt  and 
Research  (t^ad-based  paint  poisoning 
prexentior  research). 

Deportment  of  the  Interior 

Bureau  of  Indian  Affairs  (Indians  and 
Indian  l.mds). 

Bureau  of  Land  Mjn.i;;cr:)('nt  (public 
lands). 

Burcju  of  Mines  (disposal  mvlhuds  for 
selected  mtltms  iinj  nune  %siisu-s). 

Fish  and  Wiliilifv  S<T\ir.e  (iffrcts  on 
Fiah  and  wilJhfr  resourtes). 

Nation j|  Parli  Service  (N'uitunjil 
parks). 


Office  of  Siirf.ifi'  Miiiins  Rt  c  l.irn.ition 
and  Rnfcirtrmrnt  (scJ.iLe  mining). 

Deportment  ofLubor 

Mining  S.ifety  jnd  Mr.ilth 
Administration  (n-.mm;  h.i7.ird«). 

Occup<itionj|  Siifety  and  ll<:<<lth 
Administr.ition  (workplace  h;i7>irds). 

Department  of  Transportation 

Cu.ist  Cuard: 

*  Transportation  of  hazardous 
materials  by  vessel.  46  US C.  170.  375. 
391a.  416;  49  US  C  1b55. 1R03. 1804. 
1600.  SO  use.  198. 

*  Navigation  and  waterfront  facility 
regulation  33  US C  1221. 12.'4. 1321:  50 
use  191. 

*  Hazardous  substance  dischai^e  to 
navigable  waters  33  U  SC  1321. 

Federal  Highway  Administration. 

Bureau  of  .Motor  C^tTxtr  Safety 
(hazardous  material  transportation  in 
interstate  commerce). 

Federal  Railroad  .-Xdministration 
(railroad  transport). 

Research  and  Special  Programs 
Ad.ministration  (h.iziirdous  cargo. 
pipelines). 

Materials  Transportation  Bureau: 

*  Transpor'ation  of  haz.irdous 
materials.  42  U.SC  1805-1806 

*  Permits  for  facilities  to  handle 
hazardous  materials.  42  U.SC.  1805- 
1806. 

Environmental  Protection  Agency 
lhozzrdoi:s  air  and  w  otfr  pollotants) 

'  Permits  for  treatment,  storage  or 
disposal  of  hazardous  wastes.  42  U.S  C 
6925. 

*  Use  of  restricted  toxic  substances- 
exemptions  from  ruU's/reguIaliuns.  IS 
U.SC.  2601-2629. 

*  Transportation  and  handling  of 
hazardous  substances.  —  U.S  C 

• 

Food  Additives  and  Contamination  of 
Foodstuffs 

Deportment  ofAgrjcufture 

Food  Safely  and  Quality  Service 
(meal  and  poultry  products). 

Department  ofllcnhh.  Education,  and 
We/fore 

Public  Heath  Service. 
Food  and  Drug  .Administration  (effects 
on  health). 

£"/)«  in->nmt'ittol  Protection  Agency 
(tffects  of  potliitioni 

Pesticides 

Di  purtment  of  Aurirulturt 

Animal  Pl;inl  Health  and  Itispvction 
Service  (cottlrul  of  •numal  ano  plant 
pests). 
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Fiiod  Safely  iind  Qn-ilily  Service 
(consumer  prnlcttion). 

Forest  Service  (N.iliondl  Forest  and 
Crussl.mds). 

Science  and  Fdur.ition  Administratiun 
(biological  cunlruk  food  and  fiber 
production). 

Soil  Conservation  Service  (watershed 
protection). 

Deportment  of  Commerce 

Maritime  Adminiktralion  (merchant 
ship  operations). 

.National  OLeanic  ond  Atmospheric 
Administration  (effects  on  marme  life 
and  the  coastal  zone). 

Deportment  of  Defense 

Armed  Forces  Pest  Xtiin.igement 
Board  (pesticide  use  on  000  lands, 
facilities  and  equipment;  control  of 
disease  vectors). 

Armed  Services  Explosive  Safety  ' 
Board  (control  of  pests  for  munitions 
and  explosive  devices). 

Deportment  of  lleolih.  Education,  ond 
Welfare 

Public  Health  Service: 

Center  for  Disense  Control  (effects  on 
health) 

Food  jnd  Drug  Administration 
(conlHmination  of  food) 

Deportment  of  the  Interior 

Bureau  of  Indian  Affairs  (indian 
lands). 

Bureau  of  Land  M.mii'gemenl  (public    { 
lands). 

-4Jureau  of  Reclamation  (irrigated 
lards). 

Fish  and  Wildlife  Service  (effects  on 
fish  and  wildlife  resources). 

.National  Park  Service  (national 
ParVs). 

Deportment  of  Labor 

Occupational  Safety  and  Health 
Administratiorv(v\orker  exposures 
during  manufacture  of  pesticides). 

Deportment  of  Transportation 

*  Permits  for  transportation  of 
hazardous  materials.  49  VSC  1B0S- 
180& 

*  Approval  for  shipments  of  Gass  A 
explosives.  46  US C  170(7). 

*  Permits  for  facilities  to  handle 
hazardous  materials.  49  U.S  C  ISOS* 
IBOe. 

Coast  Guard: 

*  Permits  for  transportation  of 
hazardous  substances.  46  U.S.C  17& 
991  a. 

*  Navigation  .ind  waterfront  facility, 
regulation  33  US C  1221. 1321:  SO U.S 
191. 

Federal  Aviation  Adniinistration 
(transport  by  air). 
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l.r.il  l(i>;^«^«>'  Admip.iMr.ilion 
?,t\i  of  Motor  C»rTipr  S.ifcfy 
.iriJi-  Irar^spon  in  inicr^lMtf 
rommtTce) 

FrdrrBl  Railroad  AJmiriitraJion 
(lr¥n«port  by  mil). 

RpkCdrch  ar^d  Sporial  Pro^rttrnt 
Adminiitralion. 

Mdlrrmlii  Transport.ilinn  Hurf  ru 
(Irnnfiporll. 

En  i-ironnu'Plol  Pmtex, tion  Agincy 

•  Pcrmils  for  lr«'Mlmfnt.  stornjie  or 
ditpoKal  of  harurdout  v^dstpn  42  U.SC 

•  Ct'rtiriLulior)  of  p^'^tirid^  u«cri.  7 
II  S  C.  13S-130)  (40  C  F  R  Purl  \7\\. 

'  Registration  of  pctticidet.  7  USC 
lfi3« 

•  Espcnm^nfal  U»p  Permlla.  7  U.S  C 
IMa  {40  C.F  P.  P»r\  172). 

It.  Ene.rgy 

A  E/cctnc  Power  Dcvciupmrnt, 
Ctnerotjor,  and  Trvns mission,  and  Use 

[Xpuriment  of  Agriculture 

Forrst  5»orvice  {National  Foif  <-t»  and 
Cras^lnnds). 

•  f<ighli-of  way  for  elfctrirai. 
r«»mmunic.tlion.  v^alcr  facilities  and 
roadw*<yi  le  I)  S.C.  S22  et  seq  [CVR 
251.50) 

■ral  F.lfclr    :^ltun  Admiruitratioa 
J  arvBt) 
/lectriral  gf-nerafion  and 
tranimiRSion  prpjecla.  7  U.S  C  901  rt 
$eq. 

Di  [\irtmvnl  of  Drfeme 

Army  Corpi  of  Fnpincers  (Hidro): 

•  Ruir*  governing  work  or  »truciur«a 
in  or  afTrcting  naviprthle  waters  of  the 
Umitrd  State*  33  U  S  C  403. 

•  PcrTTiiis  for  discharges  of  dredgf^  or 
M!  material  into  navigdhlc  waters.  33 
ISC  1344 

•  Rtpjtation  of  artifirial  islands, 
installations,  and  devices  on  the  outer 
continental  shelf.  43  U.S  C.  1333(e). 

Deportment  of  Energy 

Federal  Encrjo  Regulatory 
Cunimission  fhydroelectric  power, 
electric  Iransmiision.  electric  supply, 
facility  siting): 

'Regulation  of  interconnection  of 
electric  transmission  fdcililies.  and 
regulation  of  enldrgement  of  electric 
transmission  facilities  for  v^hcelirxg  16 
US  C  a24-«25K  (18  CKR  32) 

'Regulation  of  the  development  of 
water  power  including  the  licensing  of 
non  Federal  hydroelectric  power 
projects  Federal  Power  Act  16  USC 
-S25r  (18  CFR  4-25.  36. 131. 141). 
Tice  of  Conservation  and  Solar 
•ications  (transportation  industry; 
public  buildings,  industrial  heating). 


OfTire  of  F.f>«fKy  Tei  hnoloRy 
(III  hnoluj?y  J«-\rt<i|imcnl). 

Piiwrr  MftrLi-ting  Administration  (as 
pi'DjsrHphicslly  appropriate). 

'Approvals  for  plan*  for  power  plans 
and  rr.ajor  fuel  burning  fnLilitirr 

Fi'deral  FncrRy  Admihistration  Art  of 
lUN  15USC  7ei-7T»0h 

Prwerpljnt  and  InduKlrial  Fuel  Use 
Act  of  1976.  Pub  L  9S-C:9.  92  Stat  32A9 

Di  pari  men!  of  Hvolth,  Education,  and 
Welfort 

Public  I Irnlth  Service. 
Ndtiunal  Institutes  of  Health 
(tiidiu!ion  rffpcts). 

Drportiiient  of /lousing  and  Urban 
Dcvdopnient  (urban  areas  J 

Deportment  of  the  Interior 

Bureuu  of  Indian  Affair*: 

'Leases  of  Indian  lands.  25  U.S.C. 
3?»:-403b.  415  {2i  CVR  Part  131). 

'Leasns.  pi-rmits.  cxscmcnts  of  public 
lands  43  USC  9.11c.  931  d  (43  OH  Part 
9] 

*R.i<htscf  way  over  Indian  lands  25 
use  311  rtsvq.  (25  CJT?  Part  101);  25 
U  S  C.  15  (25  Q"R  Parts  231-233). 

DuriMu  uf  l.i>ind  Manuj{tmenl  (public 
l.inds): 

'Licences  for  synthetic  liquid  fuel 
facilities  30U5C323. 

'Placer  mir.ing  claims  on  lands 
wi'.hdrdwn  or  resened  for  power 
development  or  power  sites.  30  USC 
621 

'Ceulhcrmal  leas«a.  30  U.S  C  10Q2- 
1011. 

•R.ghls-ofway  (various  purposes,  e.^, 
pcMcr  lines  and  authorities).  Set  43  O'R 
Parts  2h(t[i;:£M.  2620.  2640.  26o0.  267a 
26A0.  2fl<»0. 

'Mineral  teasing  on  the  outer 
continental  shclL  43  U.S.C  1*331-1343 

'Uranium  lease*  (acquired  lands). 

—  use. . 

'Solar  energy  facility  tlting.  — — 
U.S  c  . 

'Public  worka^easet.  permita. 
e-scmenla.  43  U.SC.  931c  931d  (43  CFR 
Part  9). 

Bureau  of  Mines  (mining  research). 
—bureau  of  Reclamation. 

*  fhjblic  works — leases,  permita. 
casements  43  U.S.C.  931c  93ld  (43  CFR 
Part  9). 

Ceologica!  Survey  (classificatiun  of 
federal  lands  as  to  their  water  power 
and  water  storage  values) 

*  Ceothermal  lease  operations  30 
US  C  1023  (30  CFR  270-271). 

Fish  and  Wildlife  Service  (effetts  on 
fish  and  wildlife  resuurcea). 

*  Public  work*— leases,  prrmilt, 
easements  43  U.SC.  gsic  fi31d  (43  CFK 
Part  91 


Heritjfte  Conserwliun  and  Rri.n  a'mn 
Scrv  ire  (effects  on  historic  or 
recrirttional  VMluea). 

National  Park  Service. 

*  Rifkhts  of  way  throii|^  ptiris  or 
reservations  fur  (xiwer  arul 
communications  fNcilitius  16  USC  %. 

D'partnirnt  of  Transportation 

FrJeral  llitthway  AdministrNlion. 

*  Ri'!or.ation  and  arcomodition  of 
utility  f<4rilitir»  (in  hi)(hway  rtghta-cf- 
¥^4y  23  i;  S  C  1U9(U  116.  123  (23  CFH 
Pari  M5) 

Environmental  fVotrction  Agency 
(pollutiun  control). 

Nuclvar  Regulatory  Commission 

'   *  Licensing  for  utilization  or 
production  facilitie*  for  industrial  or 
commercial  purposea.  42  USC.  2133  (10 
CFR  50). 

*  .N'liclear  power  reactor  operator's 
licneses  42  U.SC  2137  (10  C>^"R  Pari  55). 

'  Licensing  uranium  milling 
cprrations  42  USC  2091  et  seq  (10 
CKR  Part  40). 

'  Lir.«  nsing  and  r*-f(iilaling 
d(-mon<trHtinn  rvartort  42  U.SC  2134. 
5W:(10Ch'RPart50). 

D<  purtiitcnt  of  Trnrnportulinn  (t'ontpurt 
ofsourtesf 

Federal  Aviatinn  Admlniairation 

Trr.nesfee  Valley  AulSonty  (Tennessit 
VuHey  Region! 

Woti  r  Rr^nurcrfi  Cnnrtc.il (mxtter 
rrsounef  planning  and  dotal 

Rivrr  B^«in  Commi&sions  (as 
grog'aphicall)  appropriate). 

B  Prfrolf'um  Drvrlopmrnt.  Fxtrorfion, 
Rc'ining.  Tron»port  and  Use 

Dipnrlmcnl  of  Agrirvllure 

Forest  Service  (National  Forests  and 
Cras^laruia). 

Deportment  of  Comrrteree 

National  Oceanic  and  Atmospheric 
Administration  (costal  and  marine 
resources— managcnvent  and 
projection). 

Maritime  Administration  (port,  costal 
and  ocean  pollution). 

'  Merchant  kcsaek  42  USC  1101  et 
seq 

'  Purt  operations.  42  U.SC  667  (41 
Stat  9»2) 

Dt'poriment  of  Difeitse 

Army  Corps  of  Engineer*. 

*  Ruies  Kovemins  work  or  atructure* 
in  or  affecting  the  navigable  watera  of 
the  United  States  33  USC  400. 

*  Permits  for  diachar^et  of  dredged  or 
nil  materials  into  oavigable  water,  ii 
U1C.1344. 
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*  Rrguliidon  of  •irlificirfl  ift!»ndi> 
inst«llo''0'*)  «nd  dcvtcr*  on  ihc  oiiicr 
conlini-ntal  ahrlf  43  US C  1333  (c). 

Qtiportnn  nt  of  Enerjiy 

OfTiw  of  Energy  TechnoTogy 
<tethno)ngy  development). 

Pfpartmtfnt  of  the  Interior 

Burrau  of  Indian  AfTairt. 

*  Right«-of  way  ovrr  Indian  landt  25 
use  311.  et$eq.  (25  CFF  Part  101. 171. 
,72.  183.  IM). 

*  \jn»%e%  for  mining,  oil  and  gaa. 
farming  and  other  oset  on  fedetal  land*. 
25  US C.3ff3  el seq  (25 CFR  171. 172J. 

Bureau  of  Land  Managemeol  (public 
landi  and  outer  conlincnlaf  ihelf]- 

*  Application  forpaimti  on 
phoap^tc.  nitrate.  oQ  aod  aiphaltic 
mineral  depoiitt  30  U.S.C  121. 122. 123. 

•Oitandgaileaoei  30U.SC221. 

'Leaie  oroil  and  gsi  deposfti  located 
in  nghla-of  way.  30  U.S  C.  301. 

'Oil  pipeline  rights-of-way:  leatea  for 
oil  abate,  native  asphalt,  solid  and  semi- 
solid bitumen,  and  bituminous  rock  30 
US  C  241. 

Burrau  of  Mir>r«  (esvironmenlal 
effects  of  oil  mining). 

Fiafa  and  Wildlife  Service  (effcds  on 
Tsh  and  wildlife  resources) 

Centogual  Survey. 

*Oil  1^  gas  lease  operationc 

Public  doffuia  30  U  S  C  1S1.  el  $e^. 
(30  CFR  221) 

Ac^irvd  \dDd  X  U£  C  351.  rl  aeg. 
(30  CFR  221 1 

Outer  cootincTilal  thfV  landa.  49 
U  S.C  1331.  etteq  {ID  OR  25a  25U 
.  Indian  lands  23  U.SC  396«,  eC  aeq. 
(25  CyR  m.  ITT  174  183.  IM). 

•5iale  a  ^  purchi'ae  of  govt-Trnjeal 
royalty  Or  application.  30  US  C  laa 
IBl  359.  4.  US  C  1334  (30  CTR  Pafl 
225^ 

Heritagf  ConaervatJon  and  Recrcjtioa 
Serrior  (eflecta  oe  hiaionc«l  or 
rccreatiocAJ  vabea). 

National  Purk  Service. 

'Pcrmils  and  leaaea  for  ofl  and  gaa.  16 
use  Ch.  1. 

Department  of  State 

*F«cihltes  for  export/import  of 
petrole-um  prodjcta.  coal  mioerala, 
water,  aewafc  pennita  Executive  Order 
14423. 

Deportment  of  Transportation  (transport 
ond  pipeline  safetyj 

Coast  C«apd: 

*T«ni  vessel  regulation.  4d  U.S.C 
991  a. 

'Porta  and  waterways  saTrty.  33 
use  1221. 

'Constructioo  and  alleratioo  ok 
bridges  over  navigable  waters  (for 
pipeliAet)  33  U.S.C  S2&.  33  US  C  4M. 
486.  33  use  513-14. 


'Oi.tof  cmlmmLiI  kJx-lf  <itruiliin-k  43 
use  1331. 

Fid«-ral  Highway  AJn>inii>tra?ipa 

'Relocation  and  Mr(:(imm(Ml<«tit»r  of 
piprl.ncs  on  highway  rights  of  «v<«y  23 
use  109(1).  1,16  123(23CmP..rtM4) 

Rese^rrit  aod  Sptoal  Programa 
Adminiktration 

.Mdti-rials  TrMnapurtdlinn  Duri'Au 
(pipeline  sjfcty). 

£/T«  irvnn>entol  Priflndion  Agenrf 
(pollution  control) 

Fcdvral  Muritinw  Commission 

Office  of  Fnv  ironmental  Artalyata 
(carrier  rairs  or  itgrecmcnta) 

Intfrsiote  Commerce  Commistion 
(rrgu lotion  of  corner*) 

C.  Notnrol  Cat  Development      • 
Production.  Transmission,  and  Ute 

Drpartmcnl  of  Agriculture 

Forest  Service  (National  For«sls  and 
Cratslaiida^ 

Deport  n\cpl  of  Cum/noroe 

National  Oceanic  and  Aintosphchc 
Adniini<('ratiun  (cod^tMl  and  manna 
rf  •tuuiLCS — management  and 
proti'ttiun). 

Mjntime  AdminislralioiL 

'Liquid  natural  gas  vessels.  42  USC 
1101.  et  teq. 

'Liquid  natural  g.4S  terminals.  46 
use  867  (41  Slat  992). 

Di-purtuvnl  of  Defense 

Army  Corps  of  Engi.^^^rr 

'Ruirs  governing  wori  or  structure*  in 
or  affecting  the  navigable  water*  of  the 
United  S:atea.  S3  U.S  e  400. 

'Prrmits  for  discharges  of  dredged  or 
nil  matrriaU  into  oavi^ble  wtlers.  33 
use  1344. 

'Regulation  of  arlJicial  islands, 
installaljona.  and  device*  on  the  outer 
continectal  ahelf.  43  U5.C  1333(3). 

Deportment  ofCnrrgy 

Federal  Energ)  ReguUtuty 
Commisaion. 

'Certificatea  for  natural  gas  facilities 
(underground  storage  fields.  LNC 
facilities,  and  transmission  pipeline 
facilities)  aale.  exchange  and 
transportation  of  gaa:  abartdunineni  of 
facilities,  and  curtailment  of  natural  gaa 
acrvice  Natural  Cas  Ad.  15  U.SC  717- 
717w. 

Depart  turn!  ofHousii^  ond  Urban 
Development 

Offioe  of  Community  Planning  artd 
De\elopmcnt  (rrsidrnlial  and  other 
lands). 

Deportment  of  the  Interior 

Bureau  of  Indiaa  AiTair«. 


'\AiiMt  for  mining;,  oil  and  gas. 
f.irir.mg  .«nd  other  u*rs  on  federsi  t.in» 
25  I-  S  e  391  vt  silf  (25  cm  171. 172|. 

Durciu  of  l^nd  Mjr\^gfini:nl  (public 
lands). 

'Applirxtion  for  patents  en 
|ihit\;ih.ile.  nilrstr.  ull  snd  ssphiiflle 
minrral  dipuails  30  U  SC  121. 122. 123. 

'Oil  <«nd  Cas  Ix.iae*.  3D  VSC.  121. 

*l.(d4r  of  Oil  Mhd  gfis  depoai la  located 
in  riKh's  of  way  30  U.JkC  301. 

'Irttir^  of  oil  and  gss  dcpunlls  oo  the 
outer  c  ontincntal  ahclf.  43  USC  1331- 
1343 

'Cms  pipeline  righls-of-way.  — > 
U.S  C. . 

Bureau  of  .Mine*  (methane.  drainHgt 
and  tubaid«ncc  prubtcma.  Federal 
Helium  Program^ 

Fish  and  Wildlife  Service  (cfTects  en 
fish  and  wildlife  rcsourceaV 

Ceoloti'ical  Survey: 

'Communirtzation  of  federal  oil  snd 
gas  Icjsra  30  U.SC  181  el  seq..  319 1 
seq 

'Oil  and  gas  k-asr  operaliofu: 

Public  dumnin.  30  U.S.C  lit.  et  u% 
(30  CFR  221). 

Acquiri-d  landii  30  U.S  C  351  etf  se^. 
(30a'R221). 

Outer  continental  shelf  land  43  US/ 
1331  r/  seq.  (30  CFTt  2.V).  251). 

Indian  UnJs  25  US  C  3908.  et  $e^ 
(25  Ch"R  171. 172. 173. 174. 163. 164). 

Ilf  ril.igr  Consen  Jtion  and  Recreattna 
Service  (effecta  on  hiaioriail  and 
rccrealiorul  valuea). 

National  Part  Sernea. 

*  Perrr.ita  and  lease*  for  oil  sndgst.  II 
US C  Ch.  1. 

Deportment  of  Transportation  (Innspotl 
and  safety) 

Cos'st  Guard: 

*  Tank  vessel  irguIsUoo,  46  U&C  . 
391a 

*  Navigation  and  waterfront  facftllx 
regulation.  33  USC  1221. 1321:  90  USC 
191. 

*  Comtrudion  and  alteration  ef 
bridges  over  navi^jbte  waters  (far 
pipclinrs)  33  USC  925.  33  USC  <i6- 
95  33  use  513-14. 

*  Outer  continental  shelf  slrvdurv*.  H 
use  1331. 

Federal  llighwsy  Admtnistrstiea. 

*  Relocation  and  accommodation  «i 
pipelines  00  highway  rights-of-way.  23 
U  S  C  109(1).  116. 123  (23  CFH  Part  64S). 

Federal  Railroad  Adminiatratloa 
(railroad  transporl). 

Research  and  Special  Progmaa 
Adminiatratioa 

Materiala  Transportation  B4tfca« 
(pipeline  ssfety). 
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■ironnii'iilut  Pr,  i!cclion  A^mcy 
'lulion  coniroff 

interne fe  Contnerce  Commission 
(rt^u/sfiqn  cf  carriers/ 

D.  Cnol nnd Mir.froh  Development, 
Mmmg  Conversion.  Processing. 
Tronspori  ond  Use 

Appofacfiion  Regionot  Commission 
lAppolochion  region) 

Deportment  of  AgrieuUurw 

Foresf  Service  (National  Foresli  and 
Crastlandt): 

*  Surface  use  of  public  domain  land* 
under  U.S.  mining  laws.  16  USC.  47ft- 
iSS  (36  CrR  252). 

*  Mineral  development  on  acquired 
lands  for  solid  (hardror.k)  minerals.  16 
use  520  (36  CFR  252).  and  for 
phosphate,  oil.  gas.  oil  shale,  sodium, 
potassium  and  sulphur.  30  US.C.  352. 

*  Coal  leasing  30  US.C  201-352. 

*  Surface  coal  mini.ic  operations.  30 
use.  1272. 

*  Ceothermal  resource  developments. 
30  use.  1014. 

Rural  Dectrification  Administration. 

'/Financial  assistance  for  purchase  of 
coat  mines  and  mirirg  facilities.  7  U.SC 
901  et  tfq. 

Soil  Conservation  Sc.*vice  (abandoned 

'ned  land:  transportation). 

pcnment  of  Commerce  (technical  ond 
economic  infomotion) 

Deportment  of  Defense 

Army  Corps  of  Ergineert: 

*  Rules  governing  work  or  structures 
on  or  aTecting  nav  igable  waters  of  the 
United  States.  33  U  S  C  403. 

*  Permits  for  discharges  of  dredged  or 
Fitl  ir.aier.als  into  navigable  Haters.  33 
use.  1344. 

*  Authbrify  to  enjoin  or  force  removal 
of  refuse  placed  in  or  on  the  banks  oft 
navigable  water  or  tributary  of  • 
rsvigable  water. 33  US C 407. ^ 

Depcrtment  of  Energy 

Federal  Energy  Regulatory 
Commission. 

*  Approvals  for  plans  for  powerplants 
and  major  fuel-burning  facilitiea: 

Federal  Enercv  Administration  Act  of 

ir4. 15  US  c.  7Bi-r90h. 

Powcrplant  and  Industrial  Fuel  Use 
Act  of  1976.  Pub.  L  9b-^0.  92  Stat.  3289. 

Deportment  of  Housing  and  Urban 
Development 

Office  of  Policy  development  and 
Research  (subsidence). 

'^•portment  of  the  Interior 

lurcau  of  Indian  Affairs: 

*  Rights-of-way  over  Indian  lands.  25 
U.S  C  311  etseq  (25  CFR  Part  161. 171. 
17a.  177). 


*  LruscK  for  mininjt  oil  nnd  pus. 
f.4rming  jnd  uthrr  ukrs  nn  fnlrral  t.inds. 
25  US  C.  302  et  srq.  [^  C\H  Pdrt  131. 
171. 172. 177). 

Bureau  of  Land  Management  (public 
lands): 

*  Patents  on  coal  deposits.  30  U.S.C 

n.ei 

*  Patents  on  lands  with  reservation  of 
coal.  30 use.  65.  ' 

*  Leases  and  permits  for  coal  lands.  30 
U.S  C.  161.  — 

*  Permits  to  take  coal  for  domestic 
needs  30  U.S  C.  208. 

*  Lease  of  mineral  deposits  in 
acquired  lands.  30  U.S  C.  352. 

*  Lease  of  partial  or  future  interests  in 
mineral  deposits.  30 U.SC.  354. 

*  Leases  and  permits  for  phosphate, 
potassium,  and  sodium.  30  U.SC  181  et 
seq:  30  U.S  C.  351-359:  Reorganization 
Actof)uly16. 1946. 

*  Leases  and  permits  for  sutpher  in 
Louisiana  and  .New  .Mexico.  30  US.C. 
181  et  seq.  30  US  C  351-359; 
Reclamation  .Act  of  |uly  16. 1946. 

*  Determination  of  unpatented  mining 
claims.  30 use.  527. 

*  Mining  location  for  source  material 
30  use.  541. 

*  Conveyance  of  title  to  an  unpatented 
mining  claim  30  U.SC  701-709. 

*  Leases,  permits  and  licenses  for 
mining  in  wild  and  scenic  rivers  system. 
16  use.  1280. 

Bureau  of  Mines  (mining  activities). 
Fish  and  Wildlife  Service  (effects  on 
fish  and  wildlife  resources). 
Geological  Survey: 

*  Consolidation  of  coal  leases.  30 
U.S  C  202a. 

*  Coal  lease  exploration.  30  U.S.C 
201b. 

*  Exploration  and  mining  operations 
for  leaseable  minerals  other  than  coal. 
30  U.S.C.  211.  241. 261.  281.  (30  CFR  231). 

Heritage  Conservation  and  Recreation 
Service  (effects  on  historical  and 
recreational  values). 

National  Park  Service: 

*  Leases,  permits  and  licenses  for 
mining  subject  to  regulations  of 
Secretary  of  the  Interior  on  lands 
involved  in  Wild  and  Scenic  River 
Systems.  16  U.SC.  12bO. 

*  Access  permits  for  mining  activity 
within  the  National  Park  System.  16 
U.S.C  1901 1908  (36  CFR  9). 

Office  of  Minerals  Policy  and 
Research  Analysis  (research). 

OfTice  of  Surface  Mining  Reclamation 
•nd  Enforcement: 

*  Permits  for  surface  coal  mining.  30 
U.S  C  125&-i:62  (30  CFR  Ch  VII). 

*  Permits  for  und?rgri>und  coal  mining. 
30  U.S.C  i:ii6(b)  (30  <  JtH  Ch.  VII). 


Di  portmvnt  of  Lnbor 

Mine  Sjfely  .ind  ilijllh 
Administrutiun  (wurL'.r  <i.if«!ty). 

Occupii'innnl  and  S.ifrly  und  ilr.tllh 
Adminixlrjlinn  (worker  s>ifcty  In  very 
limited  situations). 

Deportment  of  Transportation 

Federal  lliithway  Administruliun  (coi| 
haul  roods,  effects  of  railroad  coal 
transport  on  roads  and  streets). 

Federal  Railroad  Administration 
(railroad  transport). 

Environmental  Protection  Agency 
(pollution  control) 

Interstate  Commerce  Commission 
(regulation  of  carriers) 

Tennessee  Valley  Authority  (Tennessee 
Volley  region) 

m.  Land  Uso 

A.  Land  Use  Changes.  Planning,  and 
Regulation  of  Land  Development 

Deportment  of  Agriculture 

Agricultural  Stabilization  and 
Conservation  Service  (agricultural  land 
use  programs). 

Forest  Service  (National  Forest  and 
Grasslands): 

*  Special  use  permils.  archaeotsgical 
permits,  leases  and  easements.  16  U.SC 
497;  16  U.S  C.  580d  48  U.S.C  341  (36 
CFR  251).  section  261. 

*  .Mineral  exploifaiinn  of  acquired 
lands.  16  U.S  C  520  (36  CFR  252). 

.    *  Easement  and  road  nghts-of-way  in 
National  Forests  and  other  lands.  16 
U.S  C  533  (36  CFR  212  10). 

*  Grazing  permits.  16  U.S  C  580  (K) 
•nd(L)  (36  CFR  227.1). 

*  Ceothermal  resource  developments. 
30  use  1014. 

*  Multiple-use  sustained-yield  units. 
16  use.  528  (36  CFR  223). 

*  Surface  use  on  public  domain  lands 
under  U.S  mining  laws.  16  U.SC  478> 
551  (36  CFR  252). 

*  Minerals  development  on  acquired 
lands: 

Solid  (hardrodv)  minerals.  16  U.SC 
S20. 

Phosphate  oil.  gas.  oil  shale,  sodium, 
potassium  and  sulphur.  30  \}SC  352. 

*  Coal leasinfl.  30 US C 201-352. 

*  Surface  coal  mining  operations.  30 
U.S  C  1272. 

*  Bankhead-Jones  Farm  Tenant  Act 
Title  in— Administration  of  national 
grasslands.  7  U.S.C  1010-1012  (36  CFR 
213J). 

*  Claim  of  privately  owned  horses  and 
burros  (36  CFR  222). 

Economics.  Statistics  and 
Cooperatives  Service  (data;  natural 
resources). 

Science  and  Education  Adminlstratioa 
(rural  and  community  developmeol). 
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S«mI  C<tnkt-rvu(ivn  Si-rvice  (uulcishcd 

pcporlmvnl  of  Drfense 
Army  Corp*  of  Enginecn  (flood 

Oi-partrocnt  of  the  Air  Force  H^nd  uae 
around  airndJa^ 

p,>p{:rtnienl  ofthnisityg  and  Urban 
PfvehprH-nt 

OrHcc  of  Inlcrttate  Land  Sales  (land 
salri). 

OiTice  of  Curununity  PLnninft  and 
Devctupmrnt  (commuhily  dcvi-loptiicnl; 
planning  ariivitirsV 

*  Subdivided  tjnd  sales.  rc)'i5tration. 
Inlcnittle  Land  Siilfs  Full  Oisclo.^ure 
Aci  15  U.S  C  iroi. 

Dtporlmcnt  of  the  Interior 

Burvau  oflndirfn  AfTjirt: 

*  S«?e  by  S<crrtary  of  the  Interior  of 
land  purchased  for  Indian 
administrative  u<iet.  25  US C  293. 

*  Righls-or-vvay  over  InJian  lands  25 
use.  311-.128  (25  CFR  161). 

*  Irngation  lands.  25  U.S  C  381  (25 
CFR  191.  203). 

'  LcMbing  fix  mining,  oil  and  gxt. 
farming  and  other  uses  on  fr  Jtr^l  Idnds. 
25  US  C.  3y3  et  .try  (25  Ci  R  1 71.  172). 

*  C.'azing  permits  (25  CFR  151: 141). 
Bureau  of  Load  Manajemenl  (public 

lands): 

*  Disposition  of  lands  in  Indian 
resePi-ations  30  US  C  86.  8?.  88. 

*  Limilaliuns  on  entry  upon  saline 
lands.  30  U  SC  102. 

*  Securing  rights-of-way  f^/r  pipelii»e 
purposes.  30  U.S.C.  185(a) 

*  Uae  of  hurface  of  public  lands 
withdra**^  or  reserved  for  power 
development  or  power  sites  for  pidcer 
mining  30  U.S  C  &23. 

*  Mondgemenl  of  outer  continental 
ahelf  fur  minL-rat  leasing  43  USC.  133t- 
1343. 

*  Federal  Land  Policy  and 
ManHgcmcnl  Act.  43  USC  1701  et scq. 

*  Craxing  permits.  Taylor  Crazing  .^ct. 
43U.SC315.  315a-r. 

*  The  Act  of  August  M.  1937.  43  U.S C 
llBld. 

*  Kfineral  teases  and  pemits  under 
the  Mineral  Leasing  Act  of  1920.  aa 
•mended  30  US  C.  181  et seq. 

*  The  Acquired  Lands  Mineral 
Leasing  Act  of  1»47.  as  amended.  30 
U.SC  31S-359. 

*  Permits  for  undcri;round  coal  mining. 
30  USC.  IZTMh). 

'  '  Leasing  lunds  to  government  or  noii> 
prunt  g'oups  43  use  tSC9 

*  Lt:jse  of  publtc  I  inds  fur  airports.  49 
use  211-214  (43  cm  2040). 

*  S(M-cial  Ln J  use  pi  rmiis.  Federal 
Land  PoliL7  onJ  Mana^iocnt  Act  of 
1976  (43  C^  R  Pan  2920). 


*  Dispu^.«t  and  u«e  uf  bjnd.  stone  and 
gravel  30  USC  r>01.  r<02. 

Bureau  of  Minra  (irunvr.ila^ 
-^urcuu  of  RL>clamati«>n  (public  works). 

Fish  «nd  Wildlife  Scr\-ice  (efft-cta  oil 
Fish  and  wildlife  rrsuurcrs^ 

*  National  Wildlife  Refuge  use 
permits.  16  U.S  C.  CO0Jd-CC6cc  (50  CFR 
2441). 

Geological  Survey  [UnA  use. 
grngraphic  hazards,  topogr.iphic  and 
photographic  mupping). 

Heritage  Conarrvalion  and  Recreation 
Ser%-ice  (conscrvaliurt  national  Iruilt^ 

National  Parli  Service  (National 
Parks): 

*  Lea.ves.  permits  and  licenses  for 
mining  subject  to  regulations  of 
Secretary  of  the  Interior  on  Utnda 
Involved  in  Wild  and  Scenic  Rivtr 
System.  16  U.S.C  1200. 

^  •  Access  permits  for  mining  activity 
within  the  National  Park  System.  16 
US  C  iy02.  1W08  (30  a-"R  9J. 

*  Special  use  permits,  urcheological 
permits  grazing  permits,  leases  and 
easements,  right.s-ofway.  16  U.S.C  Ch. 
1. 

OfTice  of  Surface  Mining  Reclamation 
and  Hnforcrment  (surface  nining). 

Federal  Maritime  Commission 

Office  of  Environmental  .Analysis 
(carrier  rates  and  agreements). 

Dfportment  of  Trunsportution 

Coast  Guard; 

*  Permits  for  causeways.  33  U.S.C 
401. 

*  Bridges  over  navigable  waters— 33 
use  401.  491.  525. 

*  Approval  of  plana  to  alter  a  bridge. 
33  U.S.C  514. 

Federal  Av-ialion  Adminislratioo 
(airports,  land  acquisition,  releese  of 
airport  property  from  surplus  properlj 
disposal  restrictions,  crnslruction  or 
alternation  of  objecta  affecting 
navigable  airspace,  land  uae 
compatabilityi 

Federal  Highway  Adminislratioo: 

*  Approval  of  highway  projects  and 
programs  23  USC  101-158.  generally, 
and  23  use.  201.  208-nO.  212-219. 

*  Regulation  of  highway-reLiled  land 
use. 

Highway  btaulirical>v*n.  ^3  USC  131 
(23  cm  Pan  750) 

)tjnky«rd  cunlrul  and  MCqusition.  23 
U  SC  130.  3t5  (23  U.H  Part  751). 

Lanilsi.jpes  unJ  rp.idiiJea 
dewtupmeni  2J  U.S.C  131.  31V  319  (23 
CFK  Part  7S2J. 
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Finirormmtitf  PruffLiiim  Agfitcf 
(pn/hlion  e^fclsf 

Xutiitnal  Avronuuifa  and  Spont 
AJiuittis  trutiun  (uUvuntrU  Uxf:in/ft  i^y. 
fur  rrjiicte  tiTsinji  of  land  use  and  land 
cover  I 

Notiorol  Capitol  rtaimiitg  Citmtniuion 

*  Approval  of  land-use  plana  and 
constructiun  in  N.itiunnI  Capitol  O.C 
Code  5-428.  40  US C  :4a(!X: Code »- 
304:  0  C  CuJc  8-104:  Pub  L  90-553. 
Section  4. 40  U.S  C  122  (O.C  Code  »- 
115). 

Water  Rcsoumrs  CnunciJ 

River  Basin  Cnnimissinns  (at 
geographically  appropriate) 

B.  Public  Lend StjnogcmeM 

Department  of  Agncuflure 

Forest  Service  (NationMl  Furrsis  and 
Grasslands  management): 
*  *  SpL-cial  use  periuils^  arvhacolugical 
permits,  leases  and  CMsrtiterls.  IC  U.S.C 
497.  U  US  C.  5U0d.  48  U.S  C  341  (3d 
CFR  251).  see  also  Mctiun  201. 

*  Ceothermal  resource  developments* 
30  use.  1014. 

*  Surface  coal  mining  opuration&.  30 
U.S  C  1272. 

*  Coal  leasing  30  USC  201-352. 

*  Mining  develupmeni  on  acquired 
lands. 

Solid  fhardrock)  minerals.  IC  U.S.C 
520  (36  CFR  252. 

Phosphate,  oil.  gas.  oil  shale,  sodium, 
potassium  and  si:tphur,  30  U3.C  35L 

*  Easement  and  road  ri^bts-of  way  in 
National  Forests  and  other  tandk  16 
use  533  (30  cm  212.10). 

*  Crazing  permits.  16  U.S.C  500  (K) 
and  (I.)  (36  cm  227.1). 

*  Multiple  use  suslaiiied-yield  units. 
16  use  528  (3C  CFR  223). 

*  Bonkhead  Jones  Farm  Tenant  AcU 
Title  UI— Administration  of  National 
Grasslands.  7  U.SC  1010-12  (3C  ait 
213J). 

*  Claim  of  privately  uwncd  horses  sod 
burros  36  CFR  222. 

Deporii.ient  of  Defense  (Lands  Under 
Department  Control/ 

Army  Corps  of  En^iincers  (project 
recreation  lands). 

Depart.-nent  of  the  Air  Force  (land  use 
aroufid  airfields). 

Dcpanmenl  of  the  Interior 

Bureau  of  Indian  Affnirv; 

*  Sale  by  Secretary  of  the  Interior  of 
land  purchased  for  Indian 
administrative  uses.  23  U.S.C  293. 

*  Le.ises.  permits  and  basements  oa 
public  land  under  the  jurisdiction  of 
BIA  43  US  C  9J)c.  931d  (43  O'R  P.irt  9). 

*  Irrigation  lands.  29  USC  381  (2S 
OK  2U3.4). 
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*  Cr;i7inj:  pfrmim  25  CAR  151. 
lurr.iu  uf  l.anJ  \t.in.i);i  tnrnl: 

*  PUcfT  irming  cl.ums  on  l.mds 
«kiihiird«vn  or  rcsciwJ  for  power 
drvelopmcnl  of  ower  f\\c».  30  U.S  C. 
421.        . 

*  Federal  Lmd  Poliry  .ind 
Management  Act.  433.U.S  C  1701.  et 

*  Crazing  permits.  Taylor  Crazing  Act. 

I43U.SC.31S.  315a>3l5r. 
*  Act  of  August  28.  1937.  43  U.SC 
1181  d. 

*  Antiquities  permits.  — —  U.SC 

*  Special  Recreation  permits.  <^— 
U.S  c. . 

*  Kfincrtfl  Irusing  on  the  Outer 

tt     Continental  Shelf  43  U.S  C  1331-1343. 

*  Leases,  perr.iis  Hod  licenses  for 
mining  in  Wild  and  Scenic  Rivers  Areas. 
18  use.  1280. 

*  Leasing  lands  to  go\ernment  or  non- 
profit groups.  43  use.  869. 

*  Lease  of  public  lands  for  airports.  49 
U.S.C.  211-214  (43  CFR  2640). 

*  Rights-of-way  (vdrious  purposes 
(t  g..  roads,  railroads  power  lines, 
irrigation,  pipelines,  .'ninerdi  KMsing) 
and  auihonties).  Scf  43  CKR  Prtris  2000. 
2811.  2820.  2840.  2850.  2870  :8f0.  2H90. 

*  Special  land  use  permits.  Federal 
'and  Policy  and  Nf.ir.«^cmfnt  Act  of 

76  (43  CFR  Part  2920). 

*  Disposal  and  use  ofsand.  stone  and 
y8vel30USC.  601.^:2. 

Bureau  of  .Mines  (mineral  land 
assessment). 

Fish  and  \Vi1d!:re  Service  (effects  on 
fish  and  wildlife  resources). 

Geological  Sur\ey: 

*  Outer  Continental  Shelf.  43  U.S  C 
1331-1343. 

*  Onshore  oil.  gas.  mining.  30  U.SC 
in  et  seq. 

■  i|      *  Onshore  oil.  gas,  mining  on  Indian 
*\  lands.  25  U.SC.  396.  396a-29B.  35  Slat. 
B12. 

*  Cecthermal.  30  US  C  1023. 
Heritage  Conservation  and  Recreation 

Scnice  (consenation.  fund  state 
programs). 
National  Park  Service  (public  lands): 

*  Leases,  permits  and  licenses  for 
mining  subject  to  regulations  of 
Secretary  of  the  Interior  on  lands 
involved  in  Wild  and  Scenic  River 
System  16  U.SC  1280. 

*  Access  permits  for  mining  activity 
within  the  National  Park  System.  16 
U.S.C  1902.  1906  (36  CFIt  9). 

*  Special  use  permits,  archeological 
permits,  grazing  permits,  leases  and 
tasements.  rights-of-way.  16 U.SC.  Ch. 

Office  of  Surfttce  Mining  Reclamation 
•d  Enforcement: 

*  Permits  fur  surface  coal  mining.  30 
use.  1258-1282. 


*  Permits  fur  unJeri;riiund  cojI  mining. 
.'WU.S.C.  i:or.(b). 

Deportment  of  Tron$poriolion 

*  Transportation  programs  with 
measures  to  protect  land  traversed 
(particul.irly  parks,  recreation  areas  and 
historic  sites).  Department  of 
Transportation  Act  as  amended.  49 

U.S  C.  1G51-1CS9. 

Federal! Iighway  Administration 
(construction  and  m^in.-tgrment  of 
National  Park  Service  roads  and  fores! 
highways): 

*  Approvn)  of  projects  for  Indian 
reservation  roads  and  bridges.  23  U.S.C 
208. 

*  Construction  of  public  lands 
highways  23  U.SC.  209. 

*  Approval  of  projects  for  public  lands 
development  roads  and  trails  23  U.SC 
214. 

Ceneraf  Sen  ices  Administration  (public 
buildings  nianogemenlf 

Federal  Properly  Resources  Service 
(excess  land  disposal). 

Sotlonol  A  erjnautics  end  Space 
A  dfp.inistrotion  (advanced  tcchnotogy 
remote  sensing  of /and  use  and  land 
co\er} 

Tennessee  Valley  Authority  (protect 
lands) 

C.  Land  Use  in  Coastal  Areas 

Department  of  Agricultart 

Fores!  Service  (.Vaiional  Forest  and 
Grasslands). 

Soil  Cunserv-ation^rx'ice  (soil 
stability,  hydrology). 

Deportment  of  Commerce. 

Maritime  Administration  (ports). 

National  Oceanic  and  Atomospherie 
Administration  (coastal  and  marine 
resources  and  protection): 

*  Permits  for  activities  in  designated 
marine  sanctuaries.  16 U.SC.  143e/se9. 
(15CFT922). 

*  Approval  and  funding  of  state 
coastal  management  programs.  18  U.S.C 
1451  et  seq  (15  CFR  923. 930). 

*  Protection  of  endangered  spraee 
end  critical  habitats.  18  U.SC.  1531  et 
teq  (50  CFR  222). 

*  Establishment  of  esluarine 
•antuarics.  18  US  C  1461  (15  CFR  921). 

Deportment  of  Defense 

Army  Corps  of  Ei.gineers  (beaches, 
dredge  and  fill  permits.  Refuse  .Act 
permits): 

*  Rules  governing  work  or  strjctures 
in  or  Mffirting  na\  i|;abtc  w.ilers  of  the 
United  Stairs  33  US  C  401.  403  and  419. 

*  Authority  to  enjoin  or  furcc  rrmovel 
of  refuse  pl>iu.*d  in  ur  un  the  barJis  of  • 
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navig  ibte  water  or  lriliiit.iry  of  • 
navi(;.iblc  water  33  US C.  407. 

*  River  und  harbor  impruvemcnt 
projf cts  33  use  S41. 

*  Permits  for  private  projects  to 
Improve  n:iv{{;.ible  wati*rs.  33  U.SC  Sns. 

*  Permits  for  discharges  of  drid^rd or 
fill  materials  into  navigable  waters.  33 
use  1344. 

*  Permits  fur  transportation  of 
dredged  materials  fur  dumping  into 
ocean  waters.  33  U.S  C  1413. 

Department  of  Housing  ond  Urban 
Development  (development  in  coastal 
areotj 

Deportment  of  the  interior 

Bureau  or  Indian  Affairs  (Indian 
lends). 

Bureau  or  Land  Management  (public 
lands): 

*  Cooperation  with  states  in 
developing  coastal  zone  plans.  6C  Slat. 
1280. 

'Limitations  un  entr>-  upon  saline 
lands.  30  U.S  C  162. 

'Mineral  leasing  on  the  outer 
continental  shelf.  43  U.SC.  1331-1343. 

Fish  and  Wildlife  Service  (effects  on 
Fish  and  wildlife  resources). 

Geological  Survey  (estuarinc  areas): 

*  Permits  fur  geotogiral  and 

geophysical  exploration  on  outer      

continental  shelf.  43  U.S  C  1340  (30  CFR 
251). 

*  Permits  for  cuploration  and 
development  activities  on  federal  oil 
and  gas  leases  on  the  outer  cnntini>ntai 
shelf  43  use.  1331  et  scq  (30  CIH  250). 

Heritage  Conservation  and  Recreation 
Service  (historical  and  recreational 
values). 

National  Park  Service  (barrier  island 
ecology  and  coastal  processes). 

Department  of  Transportation 

Coast  Guard  (bridges,  navigation  and 
deepwater  porta): 

*  Bridges  over  navigable  waters- 
permits  33  U.S.C.  525. 

*  Approval  of  plans  to  alter  a  bridge. 
S3  U.S.C  514. 

'  Permits  for  causeways.  33  U.S.C 
401. 

*  Waterfront  facilities.  33  U.S.C  1221. 
1321. 

•  *  Deepwater  pun  regulation.  33  U.S.C 
150^1524. 

*  Vessel  operating  requirements.  -^^ 

use . 

*  Licensing  of  persons  to  eng:igc  in  the 
ownership,  construction  or  operution  of 

•  deepwater  port.  33  U.SC  1503-1520. 
Environmental  fVotection  Agency 

(pollution  effects): 

*  Permits  for  ocean  discharges.  33 
U.S  C  1343. 

'  Permits  for  disposals  of  scwafe 
sludge.  33  U.SC  1345. 
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*  0»I  »pil!ii  pfcvnfioa  containment 
«nH  rounlt'rmni«iiiT  pt<«ni  (prfp.irrd  bjr 
fiicili')'  nv*ncr/f:p4-rii1or).  Srritnni  3111. 
SOI.  39  V.%  C  1:1:1. 136)  (40  CKK  112.7^. 

Fvdcmt  .Mnritime  Cofnmi&«iun.  Office 
of  EnvitonmfnUl  Anvlysif  (Irrmintl 
sgrcrminltV 

Nniional  Acmaautirs  and  Space 
Atlntinistr^tion  (advanced  lechnotugy 
for  rcmule  tensing  of  land  utc  and  land 
cover). 

D.  Protection  of  Environmentally 
Critical  ArvQS'-' 

Floodptains.  \Ve<tands.  Dcachcf  and 
Dunn.  UnstAbIt!  Soils  S'l-rp  Slopes. 
Aquifer  Rochar^t  Arvas..TundrN.  Etc 

Deportment  r>f  Agrieullurt 

*  Walcrshed  Proiection  and  Flood 
Prevention  Act.  16  U  S  C.  1001-1009  (7 
CFRPartt15.23.  UO^ 

Agriculiurat  Stabi!izalion  and 
Conservation  Service  (ccmmodity  and 
land  use  programs:  Water  Bank) 
•   Forest  Ser%ice  (.N'ationa!  Forest  lands). 

Science  and  Education  Administration 
(so:)  and  water  consena'tion  program). 

Soil  Conservation  Service  (watershed 
'protection  and  flood  control,  soil  and 
water  conservation). 

Deportment  of  Commerce 

National  Oceanic  and  Atmospheric 
Administration  (coastal  and  marine 
resources,  management  and  protection): 

*  Protection  of  endangered  species 
and  critical  htbiiats.  16  L'.S  C  1531.  et 
seq  (SO  CFR  222) 

*  Permits  for  activities  in  designated 
marine  sjnctuaries.  16  US.C  1431. et 
seq.  (15  CFR  922) 

*  Establishment  of  esluarine 
•anctuanes.  16  US  C  1461  (15  CFR  9?1). 

*  Approval  «nd  funding  of  state 
coastal  manugrneni  programs.  16  U.S.C 
1451  et  ieq.  (15  CFR  923.  930). 

Deportment  of  Defense 

Army  Corps  of  Engineers; 

*  Permits  for  discharge  of  dredged  or 
fill  materials  into  rtavigable  waters.  33 
use  1344. 

*  Rules  goverrung  v^orli  or  atruciurea 
In  or  affecting  navigable  waters  of  the 
United  States  33  US  C  401.  403.  41flL 

Deportment  o' Health.  Education,  and 
Welfare 

Public  Health  Scnrice. 
Center  for  Disease  Control  (health 
Issues). 

Dt-portrtent  of  Housing  and  Urban 

Dv¥tlopment 

OfTice  of  Community  Pinnning  and 
Develupmeni  (urban  and  flooJplaia 
arsas). 


Deportment  of  the  tntcrioe 

Dorvau  of  InJi.in  Aff<*trs  (Indian 
LiihIs) 
Durciiu  of  I.And  M  anagmenl: 

*  Limitations  on  entry  upon  saline 
lands.  30 use  162.  1 

*  ManagrmenI  of  areas  of  criticel 
cnvirunmcnttil  concern.  43  U3.C  iroi. 

—bureau  of  Recl.imation  (public  works). 

Fish  and  Wildlife  Service  (protection 
of  fish  and  wildlife  rrnource  values). 

Ceolngical  Survey  (topography. 
geology.  h>-droli»Ky). 

lU-htage  Conservation  and  Recreation 
Service  (historical  and  reacationai 
values). 

National  Parfc  Service  (Nalionsl  Park 
lands). 

Office  of  Surface  Mining  Redamatioa 
and  Enfurccmeni  (designation  of  areas 
unsuitable  for  surface  coal  mining). 

Office  of  Water  Research  and 
Technology  (water  resource  planning). 

Deportment  of  Transportation 

Coast  Cuard. 

*  Establishment  of  port  access  routes. 
33  use  1221. 

Federal  Highway  Adminisfralion: 

*  Approval  of  federal-aid  highway 
protects  23  U.S  C  101-156.  generally. 

*  Approval  of  lighway  bridge 
replacement  and  rvhabilitation.  23 
US C  144  (23 an  Pan  650). 

Em- iron  mental  Protection  Agency 
(pollution  effects) 

*  Temporary  underground  injection 
permits  Safe  Drinking  Water  Act.  42 
U.S  C.  300h(CK1). 

Water  Resources  Council  (coordinoUon 
offloodplcin  and  wetland  initiatives) 

River  Basin  Commissions  (as 
geographically  appropriate). 

£  Community  Development 

Advisory  Council  on  Historic 
Preservation  [historic presenationj 

Department  of  Agriculture 

Science  and  Education  Administratioo 
(rural  and  community  development 
program). 

Soil  Conserxalion  Service  {scSi 
survery). 

Department  of  Commerce  • 

Economic  Development 
Adroinistrstion  (Jesignsted  arealV 

Dcoartment  of  Health.  Eduootion.  and 
Welfaim 

PubticllealthServict. 

Center  for  Disease  Control  (health). 

Office  of  Human  Development 
Services  (problems  of  handicapped, 
aged,  children  end  Njlive  Americans). 


Drportmrnt  ofHottain^  and  Urham 

Devchpmrnt 

• 

Office  of  Community  Pliinning  Hnd 
Dcvctupmcnl  (cummunity  devctopcvenk 
effects  on  low  incnmc  populMtions: 
economic  reviliiliz.ilion  in  distressed 
areas:  density  and  umgcstion 
mitigation:  rehitbiliiatioo  and  urban 
homcsteading). 

Department  of  the  fittcriof 

Bureau  of  Indian  Affairs  (Indian 
Unds), 

ecological  SurvL7  (flood  seismic,  and 
geologic  hazards). 

Heriliige  Conservation  and  Recreation 
Service  (landmarks,  archcological 
remains,  outdoor  recreation,  historic 
preservation). 

Department  of  Trortsporlathn 

Federal  Aviafion  Administraliun 
(airports). 
Federal  Highway  Adroinistratiuo: 

*  Relocation  assistance  in  connection 
with  highway  projects.  42  U5.C  4001  et 
seq  (23  CFR  Pari  74a  4K  CVK  Part  25). 

*  Approval  of  economic  growth  center 
developmrnt  hi;:hways.  23  U.S.C  143. 

Urban  Mass  Transportation 
Admini<«tration. 

*  Urban  Mass  Transportation  Act.  49 
U.S  C  itno. 

Enviror.mentol  Protection  Agency 
(pollution  control) 

General  Services  Administration 
(building  design  and consUvction) 

Sationol  Capitol  Planning  Commission 
(Washington.  DC  areo)  I 

*  Approval  of  Land  use  plans  and 
construction  in  the  National  CipiioL 
DC  Code  5-426.  40  U.S C  74j  (D  C 
Code  9-304):  DC  Code  6-104:  Pub  L 
90-553.  section  4;  40  U.S.C  122  (DC 
Code  6-11S). 

National  Endowment  for  the  Arts 
(artistic  values) 
F.  Historic  Architectural  and 
Archeohgical  Preservation 

Advisory  Council  on  Historic 
Preservation  (historic presenration) 

Department  of  Agriculture 

Forest  Service  (National  Forest  and 
Grasslands). 

Deportment  of  Housing  and  Urban 
Development  (in  urban  areas) 

Department  of  the  Interior 

*  Permits  to  examine  ruina. 
excavations  and  gathering  of  objects  on 
land  under  jurisdiction  of  Interior. 
Agriculture  and  Army.  16.  US  C  432.       || 

Ourcaa  of  Indian  Affairs  (Indian  ' 

Unds). 
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*  Prrtcnnlion  of  antiquities.  1CU.SC 
i2  (25  cm  132). 

BurvMu  of  Land  ManMgcmcnt  (public 
Undi). 

*  Antiquilie*  search  and  coltrction 
permit.  Antiquities  Act  le  U.S.C  432  (43 
CFR3). 

Heritage  Con>er\-ation  and  Recreation 
Service  (hiatoric  and  cultural 
landmarka): 

*  Antiquities  Act  of  1906. 16  U.S.C 
431-433  (43  CFK  3)  National  Historic 
Prcser>ation  Act  of  19Ge  16  U.S.C  470 et 

*  Archaeological  and  Historic 
Preserv  ation  Act.  16  U.S  C.  409. 

National  Park  Service  (National  Park 
bnda). 

Department  of  Tmnsportotion 

*  Approval  of  transportation  programs 
or  projects  that  require  the  use  of  an 
historic  site  42  U.S.C  1653(f). 

Federal  Highway  Administration. 

*  Approval  of  transportation  programs 
or  protects  that  require  the  use  of  an 
historic  site  42U.S.C.  138. 

*  Archeological  and  paleontological 
salvage  on  federal  and  federal-aid 
highwav  projects  23  U.S C  305  (23  CFR 
Part  765). 

^^nerol Sen  ices  Administivtion 

Public  Buildings  Service  (in  urban 
.eas). 

National  Capitol  Planning  Commission 

*  Approval  of  land  use  plans  and 
construction  in  National  Capitol.  O.C 
Code  5-«28.  40  L'.S.C  74a  (D  C  Code  9- 
3M):  DC  Code  6-104:  Pub  L  90-553. 
section  3;  40  U.S  C.  122  (DC  Code  fr- 
115). 

National  Endowment  for  the  Arts 

C.  Outdoor  Recreation 

Deportment  of  Agriculture 

Forest  Service  (National  Forest  land). 
Soil  Consenation  Service  (watershed 
protectionj. 

Deportment  of  Defense 

Army  Corps  of  Engineers  (recreation 
areas  on  DOD  lands). 

Deportment  of  Health.  Education,  and 
Welfare 

Public  Health  Ser>ict. 

Center  for  Disease  Control  (Health). 

Department  of  Housing  and  Urban 
Development  (urban  areas) 

"^ortment  of  the  Interior 

««au  of  Indian  Affairs  (Indian 

•da). 

Bureau  of  Land  Managerernt  (public 
bnda). 


Fish  and  Wilillifc  Service  (cffiTls  on 
fish  and  wildlife  rcsuurcrs). 

Ilcrit.tgc  Consenation  und  Rrcrcation 
Service. 

*  Lxnd  and  Watrr  Cnnstrvatinn  Act. 
16  U  S  C  400(1)4-11)1  HII22. 

National  Purk  Service  {.Ni(tion.-it  park 
lands). 

Department  of  Transportation 

Coast  Guard. 

*  Recreational  boating  regulation.  46 
U.S.C.  1451. 

Federal  Highway  Adminislrulion: 

*  Preservation  of  purklands.  23  U.SC 
138. 

*  Access  highways  to  public 
recreation  areas  on  lakes.  23  U.S.C.  155. 

Environmental  Protection  Agency 
(pollution  control) 

Water  Resources  Council  (water  and 
related  land  resources) 

River  Basin  Commission  (as 
geographically  appropriate) 

rV.  Natural  Resource  Management 

A.  Weather  Modification 
Deportment  of  Agriculture 

Forest  Service  (National  Forests  and 
Grasslands). 

Soil  Conservation  Service  (snow 
survey). 

World  Food  and  Agricultural  Outlook 
and  Situation  Board  (data  relating  to 
commodities). 

Department  of  Commerce 

National  Oceanic  and  Atmospheric 
Administration  (research  and 
development;  reports  on  private 
activities). 

Deportment  of  Defense 

Department  of  the  Air  Force  (fog 
dissipation). 

Deportment  of  the  Interior ' 

Bureau  of  Reclamation  (water    . 
resources  research). 
National  Park  Service  (public  lands). 

B.  Waterway  Regulation  and  Stream 
Modification 

Deportment  of  Agriculture 

Agricultural  Stabilization  and 
Conservation  Service  (resource 
conservatiua  Water  Bunk). 

Forest  Service  (National  Forests  and 
Crasslarrds). 

Science  and  Education  Administration 
(»oil  and  water  consrrvation). 

Soil  Conservation  Service  (watershed 
protection). 

Department  of  Commerce 

Maritime  AdminTstration  (merchant 
vassels.  barges  and  inland  vessels). 
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Drportmunt  ofDifmst 

Army  Corps  of  F.nRinecra: 

*  Rules  governing  work  or  structures 
in  or  affi-cling  n<ivig.tble  WMtrrs  of  the 
United  States. 33 US C  401. 403.  and 
410. 

*  Permits  for  dischnrgrs  of  dredged  or 
fill  materials  into  navigable  wotcrs.  33 
use.  1344. 

Department  of  the  Interior 

Bureau  of  Indian  Affair*  (Indian 
lands). 

Bureau  of  Land  Management  (Public 
lands). 

Bureau  of  Reclamation  (public  works). 

Fish  and  Wildlife  Service  (effects  on 
fish  and  wildlife  resources). 

Geological  Survey  (hydrology). 

National  Park  Service  (.National 
Parka). 

Deportment  of  Transportation 

Coast  Guard  (vcs!«els.  bridge,  port, 
and  waterway  snfcty:  navigation  aids): 

*  Dcepwater  port  rrgulntion  33  US  C 
150^1524. 

*  Tank  vessel  regulation.  46  U.S.C 
391a. 

*  Ports  and  waterways  safety.  33 
U.S.C  1221. 

*  Construction  and  alinrations  on 
bridges  and  causeways  over  navigable 
waters  33  US  C  401. 491. 525:  33  U.S.C 
494-95;  33  U.S  C  513-14). 

Federal  Highway  Administration: 

*  Approval  of  fedcril-aid  highway 
and  bridge  projects  involving  navigable 
waters  and  channel  changes.  23  U.SC 
144  (23  CFR  Part  650) 

*  Approval  of  toll  b.'idge  and  ferry 
projects  23  U.SC  129. 

Environmental  Protection  Agency 
(pollution  control) 

Federal  Maritime  Commission 

Office  of  Environmental  Analysis 
(approval  of  terminal  agreements). 

Water  Resources  Council 

*  Water  Resources  Planning  .Vet.  42 
U.S  C  1962  (If  cm  701-706.  33  CFR 

»2). 

River  Basin  Commissions  (as 
geographically  appropriate). 

C  Sail  and  Plant  Consenation  and 
Hydrology 

Department  of  Agriculture 

Agricultural  Siabilixalion  and 
Education  Service  (suil  conservation). 

Farmers  Home  Administration  (soil 
arosioo). 

Forest  Service  (National  Forest  tiinds). 

Science  and  Education  AJminiktration 
(water  and  soil  cunservaiton). 

Soil  Conservation  Service  (soil  and 
watershed  conservation). 
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•  Cruzing  Prrni't.  10  USC  SfiO  [K) 
«nd(l.)(.iCCKR227.1). 

•  Multiple  use  tii^lAincd-)-tcld  unitt. 
l6U.SC5;fl(36Cm223J. 

•  B.ir.khi;ad  Joncf  Farm  Tennnl  Act 
Title  IK— Administration  of  N'aiional 
Grasslands.  7  L'.S.C  1010-1012  (3e  Cnt 
213.3). 

Deportment  of  Commerce 

National  Oceanic  and  Almo<>phcrie 
Administration  (coastal  and  marine 
resources-management  and  protection). 

Deportment  of  Defense 

Army  Corps  of  Engineer!  (dredging, 
aquatic  plants). 

Deportment  of  the  Interior 

Bureau  of  Indian  A/Tairs  (Indian 
lands): 

•  Irrigation  lands.  25  U.S.C.  361  (25 
CFR  203  4). 

•  Timber  culling  pcrmila.  25  CFR 
141.19. 

•  Crazing  penr.ils  25  CFR  151. 

■  Bureau  of  Land  Management  (public 
lands). 

•  Timber  permits  for  free  use.  30 
U.S  C  W1  ct  seq..  189;  43  US  C  315. 
12m:  48  US  C  -123  (43  CFR  Pari  £C10). 

Bureau  of  .NTir.es  (hyd.'aulic  efTects  of 
mining). 

Bureau  of  Reclamation  (public  works). 

Fish  and  Wildife  Service  (effects  on 
nth  and  wildli.'e  resources). 

•  Endangered  plants— permit.  SO  CFR 
17.62. 

Geological  Suney  ;;eology). 
National  Park  Scrvtce  (National  park 
lands). 

•  Special  use  permits,  grazing  permita, 
pemiits  to  collect  soil.  rock.  Mater,  and 
plant  specimens  16  U.SC  Ch.  1. 3. 

Deportment  of  Tronsportotion 

Federal  Highway  Administration 
(erosion  control  in  highway  projecta). 

Znvironmentat  Protection  Agency 
(pollution  control) 

Kotionol  Aeronautics  and  Space 
Administration  (advanced  technology 
for  remote  sensing  of  land  covers) 

Water  Resources  Council  (Poodplain 
and  ivetlond  initiatives) 

River  Basin  Con-.missions  (aa 
geogrdphicalty  appropriate). 

D.  Fish  and  Wildlife 

Department  of  Agriculture 

Animal  and  PlHnt  firalih  Inspection 
!«crvice  (importation  of  w  ildlifr  «nd 
Hirds.  endangered  species  enforLL-mcnt). 

Forest  Service  (N'ational  Forests  and 
Crusslands). 

'Claim  of  privately  owned  horaet  and 
burroa  36  CFR  222. 


Soil  Conservation  Service  (habitat 
rmh  ponds,  aquaculturc). 

Deportment  of  Commerce 

N<«tionMl  Oceanic  and  Atmospheric 
Administrjtion  (constal  and  marine 
resources  manngrmcnt  and  protection): 

•Permit  for  importing  marine 
mammals  or  products  thereof.  16  VS.C 
1371.  73.  74  (50  CFR  216). 

'Scientific  research  and  public 
display  of  marine  mammals.  50  CFR  618; 
50  CFR  216.31.  220. 

'Control  of  fishing  by  foreign  and 
domestic  vessels.  16  U.SC.  1601. et seq. 
(50  CFR  Ch  VI). 

'Fish  and  Wildlife  Coordination  Act 
16U.SC.  13ei.effe9. 

'Permits  for  activities  in  designated 
marine  sanctuaries.  16  U.S  C.  1431.  et 
seq  (15  CFR  922). 

'Approval  and  funding  of  slate 
coastal  managemrni  programs.  16  U.S.C 
1451.  el  seq  (15  CVR  923.  930). 

•Protection  of  endangered  species  and 
critical  hab:!3ts.  16  USC  1531.  et  seq. 
(50  CFR  222). 

•Protection  of  marine  mammaft.  16 
U.S  C.  1361.  etseq  {.SO  CFR  216). 

•Establishment  of  estuarian 
SMnct  jaries  16  US  C.  1461  (15  CFR  921). 

•Trustee  of  natural  resources.  43 
U.SC.  iei3(E0. 12123). 

•Scientific  propagation  or  survival  of 
marine  reptile — permits.  50  CFR  227.7Z. 

National  Marine  Fisheries  Service 
(endangered  species). 

Deportment  of  Defense 

Department  of  the  Air  Force  (bird- 
airrrafl  strike  hazard  reduction). 

Deportment  of  the  Interior 

Bureau  of  Indian  Affairs  (off* 
resenatiun  treaty  Hshing). 

Bureau  of  Land  NfanagemenI  (wild 
horses  and  burros;  public  lands). 

Fish  and  Wildlife  Senice  fendangered* 
species;  effects  on  fish  and  wildlife): 

'Bald  and  golden  eagle  protection- 
permits  (takings  for  scientific, 
agricultural  other  uses).  16  U.S.C  66ft- 
666d. 

'Permits  for  endangered  spedet 
export  and  import  16  USC  15.t6(d). 

'Permits  for  scicntinc  research 
involving  endangered  species.  16 USC 
1539. 

'Mitigation/compensation  for  harm  to 
cnd^nprred  or  thri  .itcned  species  or 
critical  hMl.iiril.  16  use.  1S39. 

'Permits  for  taxidermy  on  migratory 
birds.  nc<is.  or  rcgs  fur  commeraal 
uses  16  use  704. 

•Fish  ond  Wildlife  Coordin^Uon  Act 
16  use  CM  et srq  (43  a"R  Port  17), 

'AnM.lrumous  Fish  Conservation  Act 
ttU.SC.7SSe/ae9. 


Heritage  Cunserxatiun  and  Recreation 
Scr%'ice  (outdoor  rrtrention). 

National  Park  Service: 

'Permits  for  collixting  .-inimal 
specimens  from  National  Park  System 
areos  16  USC  Ch.  1.  3. 

'Licenses  and  permits  for  sport  or 
commercial  fishing  in  certain  National 
Park  System  areas.  16 US C  Ch.  1.  3. 

'Disposition  of  surplus  animals  from 
National  Park  System  areas.  16  U.S  C 
Ch.1.S. 

Department  of  Health,  Education,  and 
Welfare 

Public  Health  Service  (health). 

Food  and  Drug  Administration 
(contamination  of  fish  and  sheJlHsh  with 
toxics). 

Deportment  of  Tronsportotion 

Federal  Highway  .^dministration 
(high\^ay  construction). 

Environmental  Protection  Agency 
(effects  of  water  pollution) 

Deportment  of  State  (international 
issues) 

E.  Renewable  Resource  Development 
Production,  AfcnogemenL  Harvest. 
Transport  ond  Use 

Department  of  Agriculture 

Economic  Siatistical  Cooperation 
Service  (data). 

Forest  Service  (limber  $c!e.  free  um 
and  other  timber  man^igement  activitiea 
in  National  Forests  and  Crassfands). 

Science  and  Education  Administration 
(forest  and  range  maragcmenl). 

Soil  Conservation  Service  (watershed 
protection:  soil  conservation). 

Department  of  Commerce 

National  Oceanic  and  Atmoshperic 
Administration  (coastal  and  marine 
resources  management  and 
development). 

Department  of  Defense 

Army  Corps  of  Engineers  (hydro). 

Deportment  of  Energy  (hydroelectric 
power.  Office  of  Conservation  and  Solar 
Applications). 

Federal  Energy  Rrgu!a:ory 
Commission. 

*  Regulation  of  development  pf  water 
resources  Federal  Power  Act.  16  U.SC 
791-e25r  (16  CFR  4-25.  36. 131. 141). 

Deportment  of  Housing  ond  Urban 
Development  (building  materials) 

Deportment  of  the  Interior 

Bureau  of  Indian  Affuirs  (Indian 
lands).  , 

*  Leases  of  Indian  lands  25  U5.C 
3B2-403b.  41S.  (25  CFR  Parts  131. 141- 
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144. 151-1S3.  231-:33).  25  U  SC.  311 
rq  (25  CtR  Purt  161). 

*  Righisof  way  over  Indian  landt. 
141. 142. 144. 151-153. 231-233. 

BurcAu  of  Ltnd  Management  (public 
land*). 

*  Federal  Land  Policy  and 
Management  Act.  43  U.SC  1701  e/ seq. 

*  Crazing  permila.  Taylor  Grazing  AcL 
43U.S.C.  31S.31Sa-4. 

*  The  Act  of  Auguit  2B.  1937. 43  U.S.C 
llSld. 

Bureau  of  Rectamalion  (public  worka). 

Fiah  and  Wildlife  Ser\-ice  (cffectj  oa 
liah  and  wildlife  resources). 

Heritage  Conser\'ation  and  Recreation 
Service  (effects  on  historical  and 
iccreationel  values). 

National  Park  Scn'ice  (National  PaHc 
bods). 

*  Permits  for  sport  fishing,  hunting  and 
grazing.  IC  U.S.C.  Ch.  1. 3. 

Deportment  of  Transportatioa 

Federal  Highway  Administration 
(logging  haul  roads,  access  roads). 

Ettvj'ronwentol  Protection  Agency 
(pcUution  control) 

[  Federal  SJoriUme  Comnlssion 

i      Office  of  £n\-irsrineaial  Analysis 
I  Varrier  rales). 

rstote  Commerce  Commission 
Jghtroi£sJ 

F.  Energy  and  Natural  Resourcet 
CcnservotJoa 

Deportment  of  Agriculture 

Agricultural  Stabilization  and 
Conservation  Service  (resource 
eonser\ation). 

Forest  Service  (National  Forests  and 
Grasslands). 

Science  and  Education  Administration 
(soil  and  water  conservation,  forest  and 
]  lange  management). 

Soil  Cons<r\'atioo  Service  (soil  and 
water  conservation). 

Deportment  of  Energy 

*  Energy  Conservation  Standards  for 
New  Buildings  Act.  42  US  C.  6834. 

Federal  Encrgj-  Regulatory 
Commission  (hydroelectric  power  and 
natural  gas  facilities). 

Deportment  of  Commerce 

National  Bureau  of  Standards  (energy 
efTiciency). 

National  Oceanic  and  Atmospheric 
iAdministralion  (coastal  and  marine 
i'lesources— management  and 
'protection). 

^rtment  of  Housing  ond  Urban 
tlopment 

OfTic*  of  Housing  (previously  FHA) 
(housing  standards). 


OfTicc  of  Policy  Development  and 
Research  (energy,  buildjng  tcthnology 
and  standards  research). 

Department  of  the  Interior 

Bureau  of  Indian  Affairs  (Indian 
resource*). 

Bureau  of  Land  Management  (public 
lands). 

Bureau  of  Mines  (land  reclamation: 
recycling:  and  processing  and  use  of 
materials). 

Bureau  of  Reclamation  (water 
projects). 

Geological  Survey  (oil  and  gas 
•torage). 

*  Geolhermal  lease  operations.  30 
U.S.Cl023(30Cni270). 

im  Ok.  7VUB1  M<4 1».»>«.  •  tt  •m\ 
•WJMO  coot  *iSt-SMl 
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Appendix  L:  Federal  Legislation  on  Land  and  Natural  Resources 
Summary  of  Main  Legislation: 

PL  42.  Chapter  152:  Mining  Law  of  1872: 

An  Act  to  promote  the  Development  of  the  mining  Resources  of  the 
United  States. 

PL  44.  Chapter  107:  Desert  Land  Act  of  1877: 

An  act  to  provide  for  the  sale  of  desert  lands  in  certain  States 
and  Territories. 

Pw  53,  Chapter  301:  Carey  Act  of  1894: 

(Sec.  4)  That  to  aid  the  public  land  States  in  the  reclamation  of 
the  desert  lands  therein,  and  the  settlement,  cultivation  and  sale 
thereof  in  small  tracts  to  actual  settlers,  the  Secretary  of  the 
Interior  with  the  approval  of  the  President,  be,  and  hereby  is, 
authorized  and  empowered,  upon  proper  application  of  the  State  in 
which  there  may  be  situated  desert  lands  as  defined  by  the  Act 
entitled  "An  Act  to  provide  for  the  sale  of  desert  land  in  certain 
States  and  Territories,"  approved  March  /^3,_1877^/,  and  the  Act 
amendatory  thereof,  approved  March  /^3,  1891_/,  binding  the  United 
States  to  donate,  grant  and  patent  to  the  State  free  of  cost  for 
survey  or  price  such  desert  lands,  not  exceeding  one  million  acres 
in  each  State,  as  the  State  may  cause  to  be  irrigatedj^  reclaimed, 
occupied,  and  not  less  than  twenty  acres  of  each  /_160/  acre  tract 
cultivated  by  actual  settlers,  within  ten  years  next  after  the 
passage  of  this  Act,  as  thoroughly  as  is  required  of  citizens  who 
may  enter  under  the  said  desert  land  law. 

PL  57-161:  Reclamation  Act  of  1902: 

An  Act  Appropriating  the  receipts  from  the  sale  and  disposal  of 
public  lands  in  certain  States  and  Territories  to  the  construction 
of  irrigation  works  for  the  reclamation  of  arid  lands. 

PL  61-435:  Weeks  Act  of  1911: 

An  Act  to  enable  any  State  to  cooperate  with  any  other  State  or 
States,  or  with  the  United  States,  for  the  protection  of  the  watersheds 
of  navigable  streams,  and  to  approint  a  commission  for  the  acquisition 
of  lands  for  the  purpose  of  conserving  the  navigability  of  navigable 
rivers. 
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PL  64-290:     Stock-Raising  Homestead  Act  of  1916: 

An  Act  to  provide  for  stock-raising  homesteads,  and  for  other  purposes. 

...   it  shall    be  lawful   for  any/ person  qualified  to  make  entry  under 
the  homestead  Taws  of  the  United  Sta^tes^  to  make  a  stock-raising 
homestead  entry  for  not  exceeding  /640/  acres  of  unappropriated 
unreserved  public  land  in  reasonable  compact  form:  Provided,  however. 
That  the  land  so  entered  shall  theretofore  have  been  designated  by 
the  Secretary  of  the  Interior  as  "stock-raising  lands." 

PL  66-146:     Mineral   Leasing  Act  of  1920: 

An  Act  to  promote  the  mining  of  coal,  phosphate,  oil,  oil  shale,  gas, 
and  sodium  on  the  public  domain. 

PL  69-386:     Recreation  and  Public  Purposes  Act  of  1926: 

An  Act  to  authorize  acquisition  or  use  of  public  lands  by  States, 
counties,  or  municipalities  for  recreational   purposes. 

PL  73-121:     Fish  and  Wildlife  Coordination  Act  of  1934: 

To  promote  the  conservation  of  wild  life,  fish,  and  game,  and  for 
other  purposes. 

PL  73-482:     Taylor  Grazing  Act  of  1934: 

To  stop  Injury  to  the  public  grazing  lands  by  preventing  overgrazing 
and  soil   deterioration,  to  provide  for  their  orderly  use.  Improvement, 
and  development,  to  stabilize  the  livestock  Industry  dependent  upon 
the  public  range,  and  for  other  purposes. 

PL  74-46:     Soil   Conservation  Act 

To  provide  for  the  protection  of  land  resources  against  soil  erosion, 
and  for  other  purposes. 

—and  amendments  of  19^36:     PL  74-461:     Soil   Conservation  and  Domestic 
Allotment  Act  of  1935: 

To  promote  the  conservation  and  profitable  use  of  agricultural  land 
resources  by  temporary  Federal   aid  to  farmers  and  by  providing  for 
a  permanent  policy  of  Federal  aid  to  States  for  such  purposes. 

PL  83-566:     Watershed  Protection  and  Flood  Prevention  Act  of  1954: 

An  Act  to  authorize  the  Secretary  of  Agriculture  to  cooperate  with 
States  and  local   agencies  in  the  planning  and  carrying  out  of  works 
of  improvment  for  soil   conservation,  and  for  other  purposes. 
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PL  83-585:  Multiple  Mineral  Development  Act  of  1954: 

To  amend  the  mineral  leasing  laws  and  the  mining  laws  to  provide  for 
multiple  mineral  development  of  the  same  tracts  of  the  public  lands, 
and  for  other  purposes. 

PL  84-1021:  Great  Plains  Conservation  Program  of  1955: 

An  Act  to  amend  the  Soil  Conservation  and  Domestic  Allotment  Act  and 
the  Agricultural  Adjustment  Act  of  1938  to  provide  for  a  Great  Plains 
conservation  program. 

—amended  by  PL  96-263  in  1980. 

PL  87-703:  Food  and  Agriculture  Act  of  1962: 

An  Act  to  improve  and  protect  farm  income,  to  reduce  costs  of  farm 
programs  to  the  Federal  Government,  to  reduce  the  Federal  Government's 
excessive  stocks  of  agricultural  commodities,  to  maintain  reasonable 
and  stable  prices  of  agricultural  commodities  and  products  to 
consumers,  to  provide  adequate  supplies  of  agricultural  commodities 
for  domestic  and  foreign  needs,  to  conserve  natural  resources,  and 
for  other  purposes. 

PL  88-206:  Clean  Air  Act  of  1963: 

(1)  to  protect  and  enhance  the  quality  of  the  Nation's  air  resources 
so  as  to  promote  the  public  health  and  welfare  and  the  productive 
capacity  of  its  population; 

(2)  to  initiate  and  accelerate  a  national  research  and  development 
program  to  achieve  the  prevention  and  control  of  air  pollution; 

(3)  to  provide  technical  and  financial  assistance  to  State  and 
local  governments  in  connection  with  the  development  and  execution 
of  their  air  pollution  prevention  and  control  programs;  and 

(4)  to  encourage  and  assist  the  development  and  operation  of  regional 
air  pollution  control  programs. 

—and  Clean  Air  Act  Amendments  of  1977:  PL  95-05. 

PL  88-577:  Wilderness  Act  of  1964: 

An  Act  to  establish  a  National  Wilderness  Preservation  System  for  the 
permanent  good  of  the  whole  people,  and  for  other  purposes. 

PL  88-578:  Land  and  Water  Conservation  Fund  Act  of  1965: 

An  Act  to  establish  a  land  and  water  conservation  fund  to  assist  the 
States  and  Federal  agencies  in  meeting  present  and  future  outdoor 
recreation  demands  and  needs  of  the  American  people,  and  for  other 
purposes. 

—  and  amendment:  PL  95-42  (1977). 
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PL  89-80:  Water  Resources  Planning  Act  of  1965: 

An  Act  to  provide  for  the  optimum  development  of  the  Nation's  natural 
resources  through  the  coordinated  planning  of  water  and  related  land 
resources,  through  the  establishment  of  a  water  resources  council 
and  river  basin  commissions,  and  by  providing  financial  assistance  to 
the  States  in  order  to  increase  State  participation  In  such  planning. 

PL  89-560:  Community  Planning  and  Resource  Development:  Soil  Surveys  of 
1966; 

An  Act  to  provide  that  the  Secretary  of  Agriculture  shall  conduct  the 
soil  survey  program  of  the  United  States  Department  of  Agriculture  so 
as  to  make  available  soil  surveys  needed  by  States  and  other  pubTIc 
agencies,  including  community  development  districts,  for  guidance  in 
community  planning  and  resource  development,  and  for  other  purposes. 

PL  90-542:  Wild  and  Scenic  Rivers  Act  of  1968: 

It  is  hereby  declared  to  be  the  policy  of  the  United  States  that 
certain  selected  rivers  of  the  Nation  which,  with  their  immediate, 
environments,  possess  outstandingly  remarkable  scenic,  recreational, 
geologic,  fish  and  wildlife,  historic,  cultural,  or  other  similar 
values,  shall  be  preserved  in  free- flowing  condition,  and  that  they 
and  their  immediate  environments  shall  be  protected  for  the  benefit 
and  enjoyment  of  present  and  future  generations.  The  Congress 
declares  that  the  established  national  policy  of  dam  and  other 
construction  at  appropriate  sections  of  the  rivers  of  the  United 
States  needs  to  be  complemented  by  a  policy  that  would  preserve 
other  selected  rivers  or  sections  thereof  in  their  free-flowing 
condition  to  protect  the  water  quality  of  such  rivers  and  to  fulfill 
other  vital  national  conservation  purposes. 

—and  amendment:  PL  94-486  (1976). 

PL  90-583:  Noxious  Plant  Control  Act  of  1968: 

To  provide  for  the  control  of  noxious  plants  on  land  under  the 
control  or  jurisdiction  of  the  Federal  Government. 

PL  91-190:  National  Environmental  Policy  Act  of  1969: 

To  declare  a  national  policy  which  will  encourage  productive  and 
enjoyable  harmony  between  man  and  his  environment;  to  promote  efforts 
which  will  prevent  or  eliminate  damage  to  the  environment  and 
biosphere  and  stimulate  the  health  and  welfare  of  man;  to  enrich  the 
understanding  of  the  ecological  systems  and  natural  resources 
important  to  the  Nation;  and  to  establish  a  Council  on  Environmental 
Quality. 
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PL  91-559:  Water  Bank  Act  of  1970: 

An  Act  to  provide  for  conserving  surface  waters;  to  preserve  and 
Improve  habitat  for  migratory  waterfowl  and  other  wildlife  resources; 
to  reduce  runoff,  soil  and  wind  erosion,  and  contribute  to  flood 
control;  and  for  other  purposes.' 

—amended  by  PL  96-182  (1980). 

PL  91-631:  Mining  and  Minerals  Policy  Act  of  1970: 

The  Congress  declares  that  it  is  the  continuing  policy  of  the 
Federal  Government  in  the  national  interest  to  foster  and  encourage 
private  enterprise  in  (1)  the  development  of  economically  sound  and 
stable  domestic  mining,  minerals,  metals  and  mineral  reclamation 
industries,  (2)  the  orderly  and  economic  development  of  domestic 
mineral  resources,  reserves,  and  reclamation  of  metals  and  minerals 
to  help  assure  satisfaction  of  industrial,  security  and  environmental 
needs,  (3)  mining,  mineral,  and  metallurgical  research,  including  the 
use  and  recycling  of  scrap  to  promote  the  wise  and  efficient  use  of 
our  natural  and  reclaimable  mineral  resources,  and  (4)  the  study  and 
development  of  methods  for  the  disposal,  control,  and  reclamation  of 
mineral  waste  products,  and  the  reclamation  of  mined  land,  so  as  to 
lessen  any  adverse  impact  of  mineral  extraction  and  processing  upon 
the  physical  environment  that  may  result  from  mining  or  mineral 
activities. 

PL  92-195:  Wild  Free-Roaming  Horses  and  Burros  Act  of  1971: 

It  is  the  policy  of  Congress  that  wild  free-roaming  horses  and  burros 
shall  be  protected  from  capture,  branding,  harassment,  or  death;  and 
to  accomplish  this  they  are  to  be  considered  in  the  area  where 
presently  found,  as  an  integral  part  of  the  natural  system  of  the 
public  lands. 

PL  92-516:  Federal  Insecticide,  Fungicide  and  Rodenticide  Act  of  1971: 

Registration  and  regulation  of  insecticides,  fungicides,  and 
rodenticides. 

—amended  by  PL  95-396  (1978). 

PL  93-205:  Endangered  Species  Act  of  1973: 

To  provide  for  the  conservation  of  endangered  and  threatened  species 
of  fish,  wildlife,  and  plants,  and  for  other  purposes. 

PL  93-320:  Colorado  River  Basin  Salinity  Control  Act  of  1974: 

An  Act  to  authorize  the  construction,  operation,  and  maintenance  of 
certain  works  in  the  Colorado  River  Basin  to  control  the  salinity 
of  water  delivered  to  users  in  the  United  States  and  Mexico. 
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PL  93-378:  Forest  and  Rangeland  Renewable  Resources  Planning  Act  of  1974 
directs  the  Secretary  of  Agriculture  to  prepare  each  tenth  year  a 
Renewable  Resources  Assessment. 

PL  94-579:  Federal  Land  Policy  and  Management  Act  of  1976: 

The  Congress  declares  that  it  is  the  policy  of  the  United  States  that: 

(1)  the  public  lands  be  retained  in  Federal  ownership,  unless  as  a 
result  of  the  land  use  planning  procedure  provided  for  in  this  Act, 
it  is  determined  that  disposal  of  a  particular  parcel  will  serve  the 
national  interest; 

(2)  the  national  interest  will  be  best  realized  if  the  public  lands 
and  their  resources  are  periodically  and  systematically  inventories 
and  their  present  and  future  use  is  projected  through  a  land  use 
planning  process  coordinated  with  other  Federal  and  State  planning 
efforts; 

(3)  public  lands  not  previously  designated  for  any  specific  use  and 
all  existing  classifications  of  public  lands  that  were  effected  by 
executive  action  or  statute  before  the  date  of  enactment  of  this 
Act  be  reviewed  in  accordance  with  the  provisions  of  this  Act; 

(4)  the  Congress  exercise  its  constitutional  authority  to  withdraw 
or  otherwide  designate  or  dedicate  Federal  lands  for  specified 
purposes  and  that  Congress  delineate  the  extent  to  which  the 
Executive  may  withdraw  lands  without  legislative  action; 

(5)  in  administering  public  land  statutes  and  exercising  discretionary 
authority  granted  by  them,  the  Secretary  be  required  to  establish 
comprehensive  rules  and  regulations  after  considering  the  views  of 
the  general  public;  and  to  structure  adjudication  procedures  to 
assure  adequate  third  party  participation,  objective  administrative 
review  of  initial  decisions,  and  expeditious  decisionmaking; 

(6)  judicial  review  of  public  land  adjudication  decisions  be  provided 
by  law; 

(7)  goals  and  objectives  be  established  by  law  as  guidelines  for 
public  land  use  planning,  and  that  management  be  on  the  basis  of 
multiple  use  and  sustained  yield  unless  otherwise  specified  by  law; 

(8)  the  public  lands  be  managed  in  a  manner  that  will  protect  the 
quality  of  scientific,  scenic,  historical,  ecologica,  environmental, 
air  and  atmosphere,  water  resource,  and  archeological  values;  that, 
where  appropriate,  will  preserve  and  protect  certain  public  lands  in 
their  natural  condition;  that  will  provide  food  and  habitat  for  fish 
and  wildlife  and  domestic  animals;  and  that  will  provide  for  outdoor 
recreation  and  human  occupancy  and  use; 

(9)  the  United  States  receive  fair  market  value  of  the  use  of  the 
public  lands  and  their  resources  unless  otherwise  provided  for  by 
statute; 

(10)  uniform  procedures  for  any  disposal  Of  public  land,  acquisition 
of  non-Federal  land  for  public  purposes,  and  the  exchange  of  such 
lands  be  established  by  statute,  requiring  each  disposal,  acquisition, 
and  exchange  to  be  consistent  with  the  prescribed  mission  of  the 
department  or  agency  involved,  and  reserving  to  the  Congress  review 
of  disposals  in  excess  of  a  specified  acreage; 
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(n)  regulations  and  plans  for  the  protection  of  public  land  areas 
of  critical  environmental  concern  be  promptly  developed; 

(12)  the  public  lands  be  managed  in  a  manner  which  recognizes  the 
Nation's  need  for  domestic  sources  of  minerals,  food,  timber,  and 
fiber  from  th^  public  lands  including  implementation  of  the  Mining 
and  Minerals  Policy  Act  of  1970  (84  Stat.  1876.  30  U.S.C.  21a)  as 
it  pertains  to  the  public  lands;  and 

(13)  the  Federal  Government  should,  on  a  basis  equitc'.'le  to  both 
the  Federal  and  local  taxpayer,  provide  for  payments  to  compensate 
States  and  local  governments  for  burdens  created  as  a  result  of  the 
immunity  of  Federal  lands  from  State  and  local  taxation. 

PL  94-580:  Resource  Conservation  and  Recovery  Act  of  1976: 

To  provide  technical  and  financial  assistance  for  the  development  of 
management  plans  and  facilities  for  the  recovery  of  energy  a'^d  other 
resources  from  discarded  materials  and  for  the  safe  disposal  of 
discarded  materials,  and  to  regulate  the  management  of  hazardous 
waste. 

PL  95-87:  Surface  Mining  Act  of  1977: 

It  is  the  purpose  of  this  Act  to: 

-•establish  a  nationwide  program  to  protect  society  and  the  environ- 
ment from  the  adverse  effects  of  surface  coal  mining  operations; 

assure  that  the  rights  of  surface  landowners  and  other  persons 
with  a  legal  interest  in  the  land  or  appurtenances  thereto  are  fully 
protected  from  such  operations; 

--assure  that  surface  mining  operations  are  not  conducted  where 
reclamation  as  required  by  this  Act  is  not  feasible; 

--assure  that  surface  coal  mining  operations  are  so  conducted  as  to 
protect  the  environment; 

--assure  that  adequate  procedures  are  undertaken  to  reclaim  surface 
areas  as  contemporaneously  as  possible  with  the  surface  coal  mining 
operations;  ... 

--assist  the  States  in  developing  and  implementing  a  program  to 
achieve  the  purposes  of  this  Act; 

--pro-  te  the  reclamation  of  mined  areas  left  without  adequate 
reclamation  prior  to  the  enactmentof  this  Act  and  which  continue,  in 
their  unreclaimed  condition,  to  substantially  degrade  the  quality  of 
the  environment,  prevent  or  damage  the  beneficial  use  of  land  or  water 
resources,  or  endanger  the  health  or  safety  of  the  public; 

--assure  that  appropriate  procedures  are  provided  for  the  public 
participation  in  the  development,  revision,  and  enforcement  of 
regulations,  standards,  reclamation  plans,  or  programs  established  by 
the  Secretary  or  any  State  under  this  Act;  .  .  . 
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PL  95-113:  Food  and  Agriculture  Act  of  1977: 

The  Secretary  of  Agriculture,  in  formulating  the  national  program, 
shall  /consider/  (A)  the  need  t,o  control  erosion  and  sedimentation 
from  agricultu?al  land  and  to  conserve  the  water  resources  on  such 
land,  (b)  the  need  to  control  pollution  from  animal  wastes,  (C)  the 
need  to  facilitate  sound  resources  management  systems  through  soil 
and  water  conservation,  (D)  the  need  to  encourage  voluntary  compliance 
by  agricultural  producers  with  Federal  and  State  requirements  to  solve 
point  and  nonpoint  sources  of  pollution,  (E)  national  priorities 
reflected  in  the  National  Environmental  Policy  Act  of  1969  and  other 
congressional  and  administrative  actions,  (F)  the  degree  to  which  the 
measures  contribute  to  the  national  objective  of  assuring  a  continuous 
supply  of  food  and  fiber  necessary  for  the  maintenance  of  a  strong 
and  healthy  people  and  economy,  and  (G)  the  type  of  conservation 
measures  needed  to  improve  water  quality  in  rural  America. 

PL  95-192:  Soil  and  Water  Resource  Conservation  Act  of  1977: 

An  Act  to  provide  for  furthering  the  conservation,  protection,  and 
enhancement  of  the  Nation's  soil,  water,  and  related  resources  for 
sustained  use,  and  for  other  purposes. 

PL  95-217:  Clean  Water  Act  of  1977: 

The  objective  of  this  Act  is  to  restore  and  maintain  the  chemical, 
physical,  and  biological  integrity  of  the  Nation's  waters.  In  order 
to  achieve  this  objective  it  is  hereby  declared  that,  consistent  with 
the  provisions  of  this  Act-- 

(1)  it  is  the  national  goal  that  the  discharge  of  pollutants  into  the 
navigable  waters  be  eliminated  by  1985; 

(2)  it  is  the  national  goal  that  wherever  attainable,  an  interim 

goal  of  water  quality  which  provides  for  the  protection  and  propagation 
of  fish,  shellfish,  and  wildlife  and  provides  for  recreation  in  and 
on  the  water  be  achieved  by  July  1,  1983; 

(3)  it  is  the  national  policy  that  the  discharge  of  toxic  pollutants 
in  toxic  amounts  be  prohibited; 

(4)  it  is  the  national  policy  that  Federal  financial  assistance  be 
provided  to  construct  publicly  owned  waste  treatment  works; 

(5)  it  is  the  national  policy  that  areawide  waste  treatment  management 
planning  processes  be  developed  and  implemented  to  assure  adequate 
control  of  sources  of  pollutants  in  each  State;  and 

(6)  it  is  the  national  policy  that  a  major  research  and  demonstration 
effort  be  made  to  develop  technology  necessary  to  eliminate  the 
discharge  of  pollutants  into  the  navigable  waters,  waters  of  the 
contiguous  zone,  and  the  oceans. 
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PL  95-237:  Endangered  American  Wilderness  Act  of  1978: 

Congress  finds  and  declares  that  it  is  in  the  national  interest  that 
certain  .  .  .  endangered  areas  be  promptly  designated  as  wilderness 
within  the  National  Wilderness  Preservation  System,  in  order  to 
preserve  such  areas  as  an  enduring  resource  of  wilderness  which  shall 
be  managed  to  promote  and  perpetuate  the  wilderness  character  of  the 
land  and  its  specific  multiple  values  for  watershed  preservation, 
wildlife  habitat  protection,  see  ic  and  historic  preservation, 
scientific  research  and  educational  use,  primitive  recreation, 
solitude,  physical  and  mental  challenge,  and  inspiration  for  the 
benefit  of  all  of  the  American  people  of  present  and  future  generations 

PL  95-306:  Renewable  Resources  Extension  Act  of  1978: 

Congress  finds  that: 

--the  extension  program  of  the  Department  of  Agriculture  and  the 

extension  activities  of  each  State  provide  useful  and  productive 

educational  progranjs  for  private  forest  and  range  landowners  and 

processors  and  consumptive  and  nonconsunptive  users  of  forest  and 

rangeland  renewable  resources,  and  these  educational  programs 

complement  research  and  assistance  programs  conducted  by  the 

Department  of  Agriculture; 

--to  meet  national  goals,  it  is  essential  that  all  forest  and 

rangeland  renewable  resources  (hereinafter  in  this  Act  referred 

to  as  "renewable  resources"),  including  fish  and  wildlife,  forage, 

outdoor  recreation  opportunities,  timber,  and  water,  be  fully 

considered  in  designating  educational  programs  for  landowners, 

processors  and  users; 

--more  efficient  utilization  and  marketing  of  renewable  resources 

extend  available  supplies  of  such  resources,  provide  products  to 

consumers  at  prices  less  than  they  would  otherwise  be,  and  promote 

reasonable  returns  on  the  investments  of  landowners,  processors, 

and  user: ; 

--trees  and  forests  in  urban  areas  improve  the  esthetic  quality, 

reduce  noise,  filter  impurities  from  the  air  and  add  oxygen  to  it, 

save  energy  by  moderating  temperature  extremes,  control  wind  and 

water  erosion,  and  provide  habitat  for  wildlife;  and 

--trees  and  shrubs  "used  as  shelterbelts  protect  farm  lands  from 

wind  and  water  erosion,  promote  moisture  accumulation  in  the  soil, 

and  provide  habitat  for  wildlife. 

PL  96-307:  Forest  and  Rangeland  Renewable  Resources  Research  Act  of  1978: 

Congress  finds  that  scientific  discoveries  and  technological  advances 
must  be  made  and  applied  to  support  the  protection,  management,  and 
utilization  of  the  Nation's  renewable  resources.  It  is  the  purpose 
of  this  Act  to  authorize  the  Secretary  of  Agriculture  to  Implement 
a  comprehensive  program  of  forest  and  rangeland  renewable  resources 
research  and  dissemination  of  the  findings  of  such  research. 
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PL  95-467:  Water  Research  and  Development  Act  of  1978: 

It  is  the  purpose  of  this  Act  to  assist  the  Nation  and  the  States 
through  water  resources  science  and  technology-- 

--to  provide  a  supply  of  v;ater  suff  cient  in  quantity  and  quality 
to  meet  the  Nation's  expanding  needs  for  the  production  of  food, 
materials,  and  energy; 

--to  preserve  and  enhance  our  water  resources  and  the  water-related 
environment; 

--to  promote  conservation  and  efficient  use  of  the  Nation's  water 
resources; 

--to  promote  research  and  development,  demonstration,  and  technology 
transfer  dealing  with  both  quality  and  quantity  of  water  resources; 

--to  identify  and  find  practical  solutions  to  the  Nation's  water 
and  water  resources  related  problems; 

--to  promote  the  training  of  scientists,  engineers,  and  other  skilled 
personnel  in  the  fields  related  to  water  resources; 

— to  foster  and  supplement  present  programs  for  the  conduct  of 
research,  technology  development  and  transfer,  and  innovative  water 
resources  management,  conservation,  and  operating  practices;  . 

--to  better  coordinate  the  Nation's  water  resources  and  development 
programs;  and 

--to  enhance  the  capacity  of  the  Federal  water  establishment,  and 
of  water  in-erests  nationwide  for  recommending  to  the  President  and 
the  Congres  changes  in  national  water  resources  research  and 
technology  policy  as  appropriate. 

PL  95-514:  Public  Rangelands  Improvement  Act  of  1978: 

The  Congress  finds  and  declares  that-- 

--vast  s£gTients  of  the  public  rangelands  are  producing  less  than 
their  potential  for  livestock,  wildlife  habitat,  recreation,  forage, 
and  water  and  soil  conservation  benefits,  and  for  that  reason  are  in 
an  unsatisfactory  condition; 

-.such  ranqslands  will  remain  in  an  unsatisfactory  condition  and 
some  areas  may  decline  further  under  present  levels  of,  and  funding 
for,  management; 

--unsatisfactory  conditions  on  public  rangelands  present  a  high 
risk  of  soil  loss,  desertification,  and  a  resultant  underproductivity 
for  large  acreages  of  the  public  lands;  contribute  significantly  to 
unacceptable  levels  of  siltation  and  salinity  in  major  western 
watersheds  including  the  Colorado  River;  negatively  impact  the  quality 
and  availability  of  scarce  western  water  supplies;  threaten  important 
and  frequently  critical  fish  and  wildlife  habitat;  prevent  expansion 
of  the  forage  resource  and  resulting  benefits  to  livestock  and 
wildlife  production;  increase  surface  runoff  and  flood  danger;  reduce 
the  value'  of  such  lands  for  recreational  and  esthetic  purposes;  and 
may  ultimately  lead  to  unpredictable  and  undesirable  long-term  local 
and  regional  climatic  and  economic  changes; 

--the  above-mentioned  conditions  can  be  addressed  and  corrected  by 
an  intensive  public  rangelands  maintenance,  management,  and  improvement 
program  involving  significant  increases  in  levels  of  rangeland 
management  and  improvement  funding  for  multiple-use  values; 
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--to  prevent  economic  disruption  and  harm  to  the  western  livestock 
industry,  it  is   in  the   public  interest  to  charge  a  fee  for  livestock 
grazing  permits  and  leases  on  the  public  lands  which  is  based  on  a 
formula  reflecting  annual   changes  i_n  the  costs  of  production; 

--the  Act  of  December  15,   1971    /_the  Wild  Free-Roaming  Hoses  and 
Burros  Act  of  1 971_/    (85  Stat.   649,   16  U.S.C.   1331  et  seq.),  continues 
tc  be  successful   in  its  goal  of  protecting  wild  free-roaming  horses 
and  burros  from  capture,  branding,   harrassment,  and  death,   but  that 
certain  amendments  are  necessary  thereto  to  avoid  excessive  costs  in 
the  administration  of  the  Act,  and  to  facilitate  the  humane  adoption 
or  disposal   of  excess  wild  free-roaming  horses  and  burros  which, 
because  they  exceed  the  carrying  capacity  of  the  range,  pose  a  threat 
to  their  own  habitat,   fish,  wildlife,  recreation,  water  and  soil 
conservation,  domestic  livestock  grazing,  and  other  rangeland  values; 

The  Congress  therefore  hereby  establishes  and  reaffirms  a  national 
policy  and  commitment  to: 

--inventory  and  identify  current  public  rangelands  conditions  and 
trends  as  a  part  of  the  inventory  process   required  by  section  201(a) 
of  the  Federal   Land  Policy  and  Management  Act  of  1976;   .    .    . 

Executive  Order  11644:     Use  of  Off-Road  Vehicles  on  the  Public  Lands   (1972) 

It   is  the  purpose  of  this  order  to  establish  policies  and  provide  for 
procedures  that  will   ensure  that  the  use  of  off-road  vehicles  on 
public  lands  will   be  controlled  and  directed  so  as  to  protect  the 
resources  of  those  lands,  to  promote  the  safety  of  all   users  of  those 
lands,  and  to  minimize  conflicts  among  the  various  uses  of  those  lands. 

--amended  by  Executive  Order  11989  (1977). 
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Appendix  M:  flonltorinq  Programs 

The  Identification  and  measurement  of  desertification  processes  requires 
Inventory  and  subsequent  monitoring  of  the  arid  and  semiarid  lands  of 
the  Western  United  States  aimed  at  describing  the  present  condition  of 
the  resources  of  the  area  and  the  nature  and  pace  of  changes  in  the 
quality  of  the  environment.  Historical  data  are  needed  to  compare  with 
the  present  situation  to  detect  change,  and  data  from  many  different 
sources  must  be  properly  synthesized  to  accurately  portray  characteristics 
of  the  region. 

A  reliable  and  comprehensive  monitoring  system  is  needed  to  describe  and 
quantify  future  trends  in  land  conditions.  This  requires  the  coordinated 
application  of  advanced  data  collection,  processing,  and  analytical 
techniques,  as  well  as  agreement  on  criteria  and  format  to  be  used.  Such 
Information  is  essential  to  determine  the  extent  of  desertification  and 
the  nature  and  extent  of  possible  remedial  or  mitigating  actions. 

--Areas  of  Higher  Risk 

The  processes  contributing  to  desertification,  or  the  impoverishment  of 
arid  and  semiarid  lands,  occur  in  the  zone  of  net  water  deficiency 
described  in  a  Forest  Service  publication  (Bailey,  1976)  as  the  "Dry 
Domain,"  which  covers  most,  though  not  all,  of  the  17  Western  States. 
This  discrete  geographic  area  has  been  classified  according  to  a  broad 
synthesis  of  climate  and  dominant  physical  and  biological  characteristics. 
The  Dry  Domain  can  be  further  subdivided  into  a  number  of  grassland  and 
shrubland  provinces  according  to  a  system  which  Incorporates  the  potential 
natural  vegetation  regions  of  A.  W.  Kuchler  (1966)  and  authoritative 
taxonomic  systems  such  as  Hammond's  land  surfaces  and  Kfippen's  climates. 

Identification  of  natural  regional  boundaries  assists  the  preparation  of 
data  bases  for  resource  inventory.  These  boundaries  define  the  area  for 
purposes  of  retrieving  information  and  establishing  systems  to  collect 
and  Inventory  data  on  identified  targets  so  that  changes  and  trends  can 
be  monitored. 


--Inventorying  and  Monitoring 

Inventory  and  monitoring  operations  can  be  focused  on  specified  Indicators 
described  in  the  ecoregions  classification  for  arid  and  semiarid  lands. 
Coordinated  programs  for  managing  problem  areas  can  then  be  planned,  based 
on  consistent,  measurable  data  covering  the  area  of  interest. 

It  Is  particularly  Important  to  distinguish  between  functions  of  inven- 
torying and  monitoring  arid  lands.  An  Inventory  is  a  description  of  basic 
characteristics  of  the  lands  in  terms  of  geology,  vegetation,  soil,  and 
water  resources.  The  inventory  presents  a  static  picture  of  the  basic 
resource  situation.  Monitoring,  on  the  other  hand,  provides  a  means  of 
assessing  the  dynamics  of  change  in  the  land  and  its  resources.  Such 
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monitoring  allows  one  to  determine  the  areas,  the  amount,  and  the  rate  of 
change.     Monitoring  of  arid  regions  requires  exchange  of  Information 
between  various  disciplines,  programs,  and  agencies.     Monitoring  is  not 
an  end  In  itself;  rather,  it  provides  a  method  for  quality  assurance  and 
feedback  into  other  aspects  of  desertification  analysis.     It  provides  the 
basis  for  the  formulation  of  best  practices  for  arid  land  management. 

There  is  no  distinct  line  between  inventory  and  monitoring.     In  some 
instances  inventory  data  will   be  utilized  as  the  baseline  from  which  the 
effects  of  an  action  are  monitored,  analyzed  and  fed  back  into  the 
decisionmaking  process.     Conversely,  monitoring  data  will   be  utilized  to 
facilitate  the  development  of  inventories.     Because  these  two  types  of 
data  collection  processes  are  1nterrelated--and  in  order  to  achieve 
effective  and  coordinated  Inventory  and  monitoring  programs--all  data 
collection  efforts  should  adhere  to  the  principles  of  quality  assurance, 
data  management,  and  information  exchange  discussed  under  monitoring 
principles. 

Efficient  monitoring  calls  for  a  mechanism  that  incorporates  available 
data  into  data  management  and  informational  exchange  systems.     Such  systems 
will   provide  for: 

1.  The  efficient  retrieval  of  information  in  a  user-oriented  format. 

2.  The  exchange  of  information  Inside  and  outside  the  system. 

Therefore,  monitoring  and  Inventory  procedures  should  be  designed  to 
facilitate  incorporation  of  data  into  a  larger  data  base  for  land 

management. 

When  considering  monitoring  of  the  process  of  desertification,  it  is 
obvious  that  data  collection  and  processing  techniques  will   cross 
traditional  discipline  and  jurisdictional   boundaries.     It  will  involve 
an  interdisciplinary  effort  and  will  typically  require  cooperative 
arrangements  between  and  among  various  Federal,  State,  and  local  offices 
to  be  accomplished  in  a  systematic  way. 

A  large  number  of  agencies  have  responsibility  to  provide  for  the  multiple- 
use  management,  protection,  and  development  of  the  arid  and  semiarid  lands 
of  the  Western  United  States.     As  a  result  of  these  responsibilities, 
these  agencies  are  engaged  in  various  forms  of  monitoring.     These  actions 
encompass  resources  above,  on,  and  under  the  earth's  surface,  and  they 
range  in  scope  from  local   to  national   cooperative  programs. 

In  summary,  the  definition  of  monitoring  used  by  BLM  is:     "the  systematic 
collection  of  data  and  analysis  of  changes  or  trends  (short-  and  long-term) 
to  determine  (1)  effects  of  an  action  on  the  environment,  and  (2)  how  an 
action  complies  with  laws,  regulations,  policies,  executive  directives, 
and  management  decisions."     By  this  interpretation  the  purpose  of 
monitoring  is  to  assist  decisionmakers  in  determining  the  effects  of  an 
action,  modifying  or  terminating  an  action,  mitigating  effects  of  an 
action,  and/or  reaching  better  decisions  about  similar  actions  in  the 
future. 
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--Monitoring  Principles 

Many  land  managemert  programs  develop  and  use  data  collection  and 
monitoring  systems  designed  to  meet  specific  requirements  and  increasingly 
for  broader  regional  objectives.  >/hile  these  requirements  vary, 
principles  of  0)  quality  assurance  and  (2)  data  management  and  information 
exchange  need  to  be  incorporated  into  monitoring  efforts  to  provide 
reliable  data  and  Insure  maximum  value  from  often  expensive  monitoring 
programs. 

Quality  assurance  Is  maintained  through  the  use  of  standardized  techniques, 
instrumentation,  and  methodology,  with  adequate  auditing  procedures 
throughout  all  stages  of  sampling,  measurement,  and  recording  In  the 
field  and  laboratory. 

Since  reliability  may  vary,  all  data  utilized  In  the  environmental 
analysis  and  decisionmaking  process  should  be  accompanied  by  statistical 
estimates  of  reliability  to  ensure  maximum  value  to  other  users.  This 
applies  to  data  and  analytical  information  obtained  from  earlier 
environmental  studies.  Inventories,  and  Information  stored  In  environ- 
mental data  banks,  in  addition  to  data  generated  by  ongoing  monitoring 
programs. 

How  data  will  be  collected,  stored,  and  made  available  to  all  users 
depends  upon  storage  and  retrieval  capabilities,  whether  the  data  will  be 
stored  and  retrieved  manually  or  by  computer-augmented  operations,  and 
Its  availebillty  in  a  format  that  is  understandable  and  usable. 

It  is  desirable  to  consider  monitoring  needs  at  the  earliest  possible 
stage  in  the  analysis/decisionrriaking  process. 

As  has  been  stated,  desertification  Is  a  complex  and  usually  long-term 
process  involving  both  natural  and  human  elements,  leading  to  loss  of 
land  productivity  and  human  well-being.  Desertification  is  a  pheno^ienon 
deserving  high-priority  attention.  Insofar  as  its  amelioration  helps 
people.  Three  compelling  needs  for  Inventory  and  monitoring  are: 

(a)  Monitoring  for  Scientific  Understanding 

The  physical  processes  of  ecosystem  degradation--so11  erosion  and 
depletion,  dune  encroachment,  waterlogging,  and  sal1n1zat1on--are  well 
understood  compared  to  other  elements  In  the  causal  chain  of  desert- 
ification. The  magnitude  and  rate  of  productivity  loss  from  such 
physical  processes  are  known  only  for  a  few  scattered  places  and  the 
relationship  between  productivity  loss  and  human  well-being  Is  poorly 
understood.  Development  of  a  monitoring  system  must  Include  research 
and  experimentation  to  help  provide  the  needed  scientific  understanding 
required  to  support  a  major  effort. 

(b)  Monitoring  for  Awareness 

Desertification  Is  a  subtle  and  slowly  evolving  process.  People 
subjected  to  the  effects  of  desertification  may  fail  to  perceive  these 
effects  as  they  adapt  to  the  changing  landscape  or  the  occurrence  may 
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be  obscured  by  short-term  climatic  fluctuations  or  "technological   fixes." 
The  willingness  to  take  action  to  reverse  or  prevent  desertification 
depends  on  such  awareness  at  all   levels  of  decisionmaking--local , 
national,  and  even  global.     A  monitoring  system  should  be  educative  and 
directly  enhance  awareness  of  the  problem  at  all  levels  of  its  evolution. 

(c)  Monitoring  for  Action. 

Preventing  desertification  in  the  drylands  or  reversing  it  wherever  It 
has  occurred  may  exceed  the  capacity  of  national  resources  and  might 
be  a  misallocation  of  resources  in  the  face  of  other  compelling  needs. 
It  is  necessary  to  have  early  warning  for  preventive  action  and  assess- 
ment for  selection  for  remedial  action.  Remedial  actions  are  seldom 
dramatic  and  they  require  careful  observation  against  baseline  conditions 
to  evaluate  their  progress  or  failure.  A  monitoring  system  should  assist 
in  selecting  priority  areas  for  action  and  effort,  and  to  ensure  that 
unanticipated  impacts  are  detected  early. 


— Monitoring  Requirements 

Monitoring  desertification  is  a  long-term  commitment  that  requires  adequate 
institutional  arrangement.  Baed  on  the  foregoing  needs  for  monitoring-- 
scientific  understanding,  problem  awareness,  and  action  selection--some 
requirements  follow: 

(a)  The  monitoring  of  physical  processes  needs  to  be  linked  to 
productivity  loss.  The  inclusion  of  variables  related  to  human  activities 
and  conditions,  though  difficult,  is  critical  to  the  success  of  a 
monitoring  system.  Although  climate  fluctuations  are  not  the  primary 
determining  factor  in  desertification,  the  pattern  of  weather  and  climate 
serves  to  dramatize  as  well  as  obscure  desertification  and,  therefore, 
should  be  included  in  the  monitoring  system. 

(b)  The  ultimate  monitoring  system  must  function  on  several  levels: 
local,  national,  regional,  and  potentially  global.  Satellite  technology 
provides  a  supplement  to  local  and  on-ground  monitoring.  Technical 
knowledge  presently  exists  to  arre  t  desertification,  reclaim  degraded 
areas,  and  increase  levels  of  productivity.  But  this  knowledge  can  only 
be  effective  when  adapted  to  and  used  in  the  context  of  local  management 
and  ecological  systems,  and  when  it  is  periodically  reassessed. 

(c)  A  monitoring  system  should  provide  data  appropriate  to  its  end 
uses.  These  would  include  educational  and  demonstration  functions  as 
well  as  assistance  in  policy  selection.  A  few  simple,  readily  understood 
indicators  are  preferable  to  more  complex  measures.  Involvement  of  the 
users  in  the  monitoring  process  is  mandatory. 

--Levels  of  Monitoring 

The  emphasis  in  this  section  is  centered  on  the  data  collection  problem 
1n  the  U.  S.  However,  to  function  effectively,  monitoring  should  proceed 
simultaneously  at  all  levels:  local  and  national  at  first,  and  regional 
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and  global  ultimately.  The  system  should  provide: 

a.  effective  collection  of  a  limited  number  of  critical  data; 

b.  analysis,  as  appropriate,  with  special  emphasis  on  the  particularity 
of  regional  and  national  needs  and  additional  emphasis  on  interrelation- 
ships between  different  indicators; 

c.  dissemination  of  analyses  to  decisionmakers  and  policy  officials, 
especially  at  the  national  level  but  not  to  the  exclusion  of  other  levels; 

d.  interchange  between  and  among  the  regional,  national,  and  local 
membership  in  the  monitoring  network; 

e.  participation,  insofar  as  possible,  of  farmers  and  ranchers  whose 
economies  may  be  improveu  by  actions  resulting  fmm  an  effective  monitoring 

system. 

Resources  are  limited,  as  is  the  capability  of  individuals  and  institutions 
to  absorb  comprehensive  data.  Thus,  one  problem  with  existing  monitoring 
systems  has  been  an  overaccumulation  and  underanalysis  of  data.  This  can 
also  add  needless  expense.  Moreover,  implementation  of  elaborate  systems 
sometimes  removes  control  from  the  >^ery   people  whom  the  system  was  intended 
to  benefit.  It  thus  seems  advisable  to  agree  upon  the  critical  variables. 

--International  Programs  for  Monitoring  the  Earth's  Environment 

The  first  recommendations  for  "national  and  regional  action"  contained 
in  the  International  Plan  of  Action  to  Combat  Desertification  approved  by 
governments  at  the  1977  United  Nations  Conference  on  Desertification  held 
at  Nairobi,  Kena,  favor  assessment  and  evaluation  of  desertification  using 
both  existing  data  and  new  surveys,  and  monitoring  of  the  dynamics  of 
desertification  as  a  continuing  process  to  provide  a  feedback  mechanism 
for  national  planning  and  action.  Desertification  should  be  measured: 

(1)  to  indicate  the  relative  seriousness  of  the  situation; 

(2)  to  standardize  monitoring  facilities  and  methods; 

(3)  to  improve  networks  of  climatological ,  meteorological  and  hydrological 
stations.  Satellite  imagery  techniques  should  be  employed  where  appropriate. 
National  meteorological  and  hydrological  services  should  provide  ongoing 
assessments; 

(4)  to  observe  atmospheric  processes;  the  state  of  vegetation  and  soil 
cover;  dust  transport;  shifting  of  sand  dunes;  the  distribution,  migration, 
and  abundance  of  wildlife;  the  condition  of  livestock;  the  phenology  of 
crops;  crop  yields  and  changes  in  irrigated  lands; 

(5)  to  compile  desertification  maps  and  see  that  they  are  revised  through 
periodic  assessment  using  appropriate  techniques  which  will  be  efficient 
and  at  acceptable  costs. 
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The  Nairobi  Conference  of  1977  apprpved  two  transnational  projects  which 
would  establish  desertification  monitoring  capabilities  In  South  America 
and  Southeast  Asia.  The  design  of  these  regional  projects  Is  continuing. 

At  the  International  level,  the  United  Nations  Environmental  Program  has 
convened  several  meetings  on  methodology  for  desertification  assessment  and 
mapping.  The  reports  of  meetings  provide  analysis  of  the  state-of-the-art, 
some  of  the  Issues  and  problems  yet  to  be  addressed,  and  the  character  of 
future  International  work  in  this  area. 

A  basic  system  for  an  adequate  global  and  regional  monitoring  network  Is 
available  within  the  U.  N.  EARTHWATCH  structure.  However,  the  existing 
system  needs  substantial  improvement  In  the  area  of  environmental  assessment 
of  phenomena  and  its  relationship  to  human  welfare  needs.  In  addition,  the 
EARTHWATCH  system  will  benefit  by  establishment  of  regional  and  global 
assessment  centers. 

Despite  an  impressive  array  of  collection  activities  and  Installations, 
Important  data  gaps  are  reported  to  exist  in  charting  the  process  of 
desertification.  Decrease  or  Increase  of  basic  productivity  of 
cultivated  land  frequently  Is  only  available  through  surrogate  measures 
or  estimates.  Changes  In  productivity  of  rangeland  are  better  docu- 
mented but  are  difficult  to  chart  from  currently  available  data.  Changes 
in  albedo  and  dust  storms  are  not  recorded  In  any  systematic  way,  and 
the  relationship  of  albedo  to  productivity  Is  not  known  for  the  West 
and  Southwest  of  the  United  States.  Thus,  even  with  a  substantial 
data  base,  the  current  system  does  not  provide  the  information  for  a 
systematic  documentation  of  the  progress  of  desertification. 

— U.  S.  Programs  for  Assessing  Environmental  Data 

A  number  of  U.  S.  agencies  and  Institutions  have  responsibility  for 
monitoring  and  assessing  environmental  processes  that  are  related  to 
desertification. 

U.  S.  Department  of  Agriculture 

—  Soil  Conservation  Service,  especially  activities  In: 

Land  Inventory  and  Monitoring  (LIM)  Program 

Soil  Conservation  Needs  Inventory 

Conservation  Operations 

Great  Plains  Conservation  Program 

Range  Data  Systems 

Soil  and  Land  Use  Surveys 

—National  Forest  Service 
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Department  of  the  Interior 

--Bureau  of  Land  Management.     Monitoring  federal  lands  under  its 
jurisdiction. 

--Bureau  of  Indian  Affairs.     Managing  rangeland  on  American  Indian 
lands  held  in  trust. 

--Office  of  Surface  Mining.     Monitoring  recovery  from  strip  mining. 

--Geological  Survey.     Work  relating  to  land-use  mapping,  remote 
sensing  imagery  for  monitoring,  geophysical   hazard  forecasting, 
and  monitoring  availability  and  quality  of  existing  water  sources. 

--Fish  and  Wildlife  Service.     Habitat  survey. 

Dept.  of  Commerce,  National  Oceanic  and  Atmospheric  Administration 

--Climatic  Change  Assessment.     Related  to  the  forthcoming  Climate 
Diagnostic  Center. 

--National  Weather  Service.     Both  national  and  international 
coordination  with  World  Weather  Watch. 

--National   Environmental  Satellite  System  (NESS).     Continuing 
worldwide  monitoring  of  cloud  cover,  vertical  temperature  and 
humidity  profiles,  sea  surface  and  land  temperatures,  and  snow  and 
ice  cover. 

NASA.     Remote  sensing  research. 

Army  Corps  of  Engineers,     Project-specific  mapping. 

Recent  Statutory  Authority:      The  USDA  RCA  1980  draft  Appraisal 
describes  several   inventory  and  monitoring  activities  on  which  data 
relating  to  condition  of  Western  lands  is  based. 

Beginning  in  1929,  Congress  began  funding  inventory  and  monitoring 
activities  through  USDA  in  cooperation  with  other  federal  agencies, 
state  and  local  governments  and  private  sources.     Activities  included 
investigations  on  erosion  control  and  national  county  Soil  and  Water 
Conservation  Needs  surveys. 

More  recently.  Public  Law  92-419  (August  30,  1972)  authorized  a  land 

inventory  and  monitoring  program.     This  program  includes,  but  is  not 

limited  to,  identifying  prime  agricultural  producing  areas  and  flood 

plains 

use  changes  and  trends.     The  law  also  directed  the  Secretary  of 

Agriculture  to  Issue  a  land  Inventory  report  on  the  nation's  soil, 

water,  and  related  resources  every  five  years. 
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The  Soil  and  Water  Resources  Conservation  Act  of  1977,  Public  Law 
95-192  (Novenber  18,  1977)  authorized  the  Secretary  of  Agriculture 
to  utilize  SCS  to  conduct  a  continuing  appraisal  of  the  soil,  water, 
and  related  resources  of  the  nation.  In  addition,  the  Act  requires 
SCS  to  develop  a  soil  and  water  conservation  program  based  on  this 
appraisal.  This  program  will  direct  future  USDA  conservation  efforts 
and  guide  SCS  activities  that  are  part  of  those  efforts.  The  purpose 
of  the  Act  is  to  ensure  that  USDA  programs  for  conserving  our  soil, 
water,  and  related  resources  are  responsive  to  the  long-term  needs  of 
the  nation,  which  would  include  combatting  desertification. 

The  Soil  Conservation  Service  conducts  periodic  monitoring  and 
assessment  of  rangelands,  brush,  and  snow.  Data  show  that  range  condition 
relates  directly  to  erosion  and  water  quality.  Erosion  is  more  likely  to 
be  excessive  on  rangeland  in  poorer  condition.  A  1977  special  study  by 
SCS  states*  range  conservationists  estimated  the  percentages  of  the  Nation's 
nonfederal  rangeland  in  excellent,  good,  fair,  and  poor  condition.  A 
similar  range  condition  survey  of  State  range  conditions  was  performed 
in  1963. 

SCS  conducted  national  brush  inventories  in  1963  and  1973  (Bredemeir, 
1973).  The  1973  inventory  showed  277  million  acres  of  brush  on 
nonfederal  range,  native  pasture,  pastureland,  and  some  lands  used 
for  recreation. 

SCS  responsibility  for  snow  survey  activity  is  described  as  follows  in  USDA 
Administrative  Regulations  1  AR  180: 

Responsibility  for  making  and  coordinating  snow  surveys  in  the 
western  States  and  Alaska  and  preparing  forecasts  of  seasonal 
water  supplies  in  affected  streams,  for  the  purpose  of  relating 
available  water  supply  to  agricultural  plans  and  operations. 

State  and  Federal  Data  Coordination:  A  1978  report  by  the  Council  of 
State  Governnents  addressed  the  problem  of  coordinating  data 
collection  and  use.  Starting  with  the  premise  that  information  Is 
the  foundation  on  which  sound  decisions  are  made,  the  study  found 
that  a  good  deal  of  unneeded  confusion  results  from  failures  in 
communication  among  data  users  and  producers.  Information  necessary 
for  land  use  management  is  frequently  absent,  sometimes  Improperly 
formatted  or  Inconsistent.  Also,  It  may  be  too  expensive. 

The  two  primary  concerns  of  the  report  are  (1)  the  Improved  coordina- 
tion among  agencies  within  each  State  collecting  and  using  natural  " 
resource  data,  and  (2)  the  Improved  responsiveness  of  Federal  data 
producers  to  the  needs  of  State  users. 

Four  recommendations  from  the  study  were:  (1)  compile  a  single  data 
directory  listing  all  Federal  data  types  and  sources;  (2)  coordinate 
Federal  interagency  data  to  ensure  compatible  formats  and  reduce 
duplication;  (3)  monitor  other  federal  agency  requirements  that 
stimulate  State  data  use  so  producers  might  anticipate  state  needs; 
and  (4)  Involve  States  more  directly  In  the  development  and 
programming  of  Federal  data  collection  activities. 
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Rangeland  Assessment  by  BLM:  The  environmental  analysis  process  has 
required  BLM  to  describe  objectively  the  condition  of  the  public 
rangelands,  the  Increasing  public 'awareness,  and  th*?  strengthening 
congressional  support  for  better  management  practices.  BLM  now 
believes  that  better  Inventories  c^f  the  basic  resources  of  the  public 
rangelands,  Including  soils,  vegetation,  watershed  conditions, 
wildlife  habitat,  etc.,  are  still  needed  so  that  more  effective  land 
use  plans  can  be  developed. 

The  National  High-Altitude  Photographic  (HAP)  Data  Base  Program: 
In  1979  several  government  agencies  agreed  to  a  program  for  the 
acquisition  of  a  nationwide  aerial  photography  data  base  to  serve 
their  common  needs.  It  Is  acquiring  high-altitude  photography  of  the 
conterminous  U.  S.  Funding  for  this  program  Is  through  Interagency 
agreements.  Agencies  initially  involved  include  the  Departments  of  the 
Interior  and  Agriculture,  NASA,  EPA,  and  TVA.  State  agencies  have  been 
involved  in  the  planning  process.  The  photography  is  available  for 
purchase  and  use  by  public  and  private  interests  through  the  Geological 
Survey. 

The  Domestic  Information  Display  System  (DIDS):  A  growing  number  of 
Federal  agencies  are  cooperating  to  develop  a  computer  system  which 
could  provide  decisionmakers  with  almost  instant  access  to  statistics 
held  by  different  government  offices — ^and  make  Interpreting  them  as 
easy  as  looking  at  maps.  DIDS  has  undergone  some  changes  but  it  has 
now  been  funded,  and  will  soon  be  operational. 

Monitoring  Provisions  of  the  Draft  California  Desert  Plan:  A  practical 
test  of  inventorying  the  natural  resource  values  of  a  region,  and  a 
good  case  study.  Is  the  situation  which  confronted  BLM  In  preparing 
an  Environmental  Impact  Statement  for  the  California  Desert.  The 
final  report  which  became  available  in  January  1981  Is  a  case  study  in 
how  data  are  assembled  to  provide  a  current  status. 

Interagency  Agreement  Related  to  Classifications  and  Inventories  of 
Natural  Resources:  This  Interagency  agreement  was  signed  in  1978  by 
the  Bureau  of  Land  Management  (BLM),  Fish  and  Wildlife  Service  (FWS), 
Forest  Service  (FS),  Soil  Conservation  Service  (SCS),  and  Geological 
Survey  (6S)  in  response  to  several  needs  related  to  natural  resource 
Inventories  Including:  exchange  of  Inventory  Information  among  agencies 
In  a  consistent  manner;  and  Federal  and  State  coordination  in  data 
collection  efforts.  Including  where  applicable  the  use  of  common  multi- 
resource  Inventory  and  analysis  procedures. 

Congress  has  recognized  that  the  collection  and  analysis  of  natural 
resource  information  must  be  coordinated.  This  need  Is  reflected  in 
legislation  which  focuses  on  assessment  of  the  resource  Information 

Principal  objectives  of  the  Agreement  are  to:  (1)  provide  guidelines 
and  assure  administrative  action  to  minimize  duplication  and  overlapping 


-249- 


efforts,  and  (2)  to  enhance  and  encourage  coordination  in  overall  data 
collection,  data  sharing,  appraisal  efficiency,  progran  compatibility, 
while  expediting  technology  transfer.  In  order  to  accomplish  the 
objectives  of  the  Agreement,  an  organized  Interagency  operational 
structure  was  formed  with  assignments  of  personnel  from  each  agency  to 
various  groups.  This  Includes  a  Policy  Group,  Program  Coordination 
Group,  Research  Support  Group  and  Technical  Work  Groups.  The  five 
agencies,  through  the  Policy  Group,  provide  advice  and  consultation  to 
the  Director. 

Early  In  the  process  of  structuring  activities  to  be  accomplished  In 
terms  of  this  five-year  agency  effort,  four  major  elements  were 
Identified:   (1)  classification,  (2)  data  element  dictionary, 
(3)  Inventory  methods,  and  (4)  information  management. 

(1)  Classification:  Sharing  renewable  resource  information  requires 

a  common  framework  in  which  Information  about  the  land's  characteristics 
can  be  organized.  Ecologically-based  classification  systems  for  each 
of  the  four  components , which  describe  land  in  terms  of  soil,  vegetation, 
water,  and  landform  will  provide  the  necessary  hierarchical  framework. 

(2)  Data  Element  Dictionary:  After  Interagency  classifications  are 
available,  common  terminology  must  be  used  In  this  classification 
process,  as  well  as  in  inventory  methods  and  for  information  management. 

(3)  Inventory  Methods:  Common  Inventory  techniques  generating 
compatible  data  are  the  core  of  the  Agreement  and  Include  what  and  how 
the  commonly  defined  data  elements  will  be  generated. 

(4)  Information  Management:  This  fourth  element  deals  with  how  data 
are  stored,  tabulated,  analyzed,  and  exchanged  once  collected. 

The  first  progress  report  from  the  Policy  Group  In  fall  1979  gave  the 
following  status  of  topics. 

1.  A  "Proposed  National  Site  Classlficati  -•  System  for  Renewable 
Resource  Inventories  and  Assessments"  has  be  •  endorsed  by  all  five 
agency  heads.  The  soils  component  is  quite,  complete,  but  the 
vegetative  component  needs  some  modification  and  refinement.  The 
aquatic  and  landform  components  must  still  be  developed. 

2.  A  general  strategy  for  the  development  of  common  terminology 
for  a  data  element  dictionary  has  been  approved.  A  comprehensive 
dictionary  1s  Installed  on  BLM's  computer  in  Denver,  Colorado,  and 
elements  which  are  of  Interest  to  at  least  two  of  the  agencies  are 
to  be  maintained  in  a  special  section  as  Five-Agency  Data  Elements. 

3.  Two  major  work  areas  Identified  In  the  Inventory  are  to: 

(a)  identify  the  major  renewable  resource  Inventories  being  conducted 
by  each  of  the  five  agencies,  and  (b)  identify  specific  areas  for 
coordination  among  the  five  agencies.  The  inventory  Technical  Work 
Group  Is  Identifying  inventories  where  coordination  exists  and  where 
additional  work  Is  needed. 
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4.  The  last  Item  addresses  the  development  of  standards  and  methods 
to -facilitate  data  exchange  (information  management),  which  is  divided 
into  two  parts:  (a)  Consider  standards  needed  to  exchange  data--such 
as  those  necessary  for  digitizing  mapped  information  or  other  data  to 
be  placed  in  a  computer,  and  (b)  ?tudy  the  different  ways  each  agency 
handles  and  uses  its  data.  The  needs  for  information  management 
standards  are  to  be  identified  and  standards  completed  by  the  end  of 
FY  1980. 

There  are  many  stages  in  the  work  scheduled  under  the  Agreement  where 
a  variety  of  individuals,  groups,  and  organizations  have  an  Interest 
in  the  work  being  done.  Other  State  and  Federal  organizations  and 
interests  will  become  involved  as  the  need  arises. 

The  Technology  Working  Group  of  the  five  agencies  participating  in  this 
Agreement  prepared  a  needed  chart  of  monitoring  responsibilities,  both 
for  point  source  and  mapped  areas,  for  the  categories  of  soils,  vegetation, 
water,  and  landform. 

Potential  of  Remote  Sensing:  Remote  Sensing  is  a  tool  to  aid  in  gathering 
data  about  land  conditions  and  can  be  applied  with  a  minimum  of  ground 
verification. 

Assessments  of  the  potential  effects  of  alternative  land  uses  requires 
very   large  quantities  of  information  on  soils,  vegetative  cover,  water, 
landform  (topography),  and  climate  and  their  relationship  to  each 
other.  Both  Federal  and  local  management  and  planning  decisions  may 
require  mapped  as  well  as  pinpointed  information.  The  basic  information 
required  to  satisfy  national.  State,  or  regional  program  planning, 
,    environmental  impact  statements,  management  plans,  and  day-to-day 
I   management  operations,  perhaps  differing  In  resolution  and  format, 

places  great  demands  on  appropriate  inventorying  and  monitoring  activ- 
ities. The  integration,  storage,  processing,  and  management  of  all 
these  kinds  of  data  place  demands  on  computer  assistance.  The 
collection  of  much  of  the  needed  data  is  increasingly  performed  by 
remote-sensing  instruments  situated  on  aircraft  and  spacecraft  and 
thus  able  to  obtain  broad  coverage  with  great  rapidity. 

The  amount  of  information  extracted  from  remotely-sensed 'data  Is 
dependent  on  the  type  of  equipment  used  and  the  type  of  land  to  be 
sensed.  The  purpose  and  requirements  of  the  data  collection  Influence 
the  cost  and  effectiveness  of  it,  but  a  sensing  system  selected  for 
parameters  for  arid  lands  could  be  initiated. 

A  particular  advantage  of  remote  sensing  1s  Its  ability  to  cover  remote 
areas  or  arieas  which  do  not  justify  the  expense  of  ground  surveys. 
Also,  remote  sensing  represents  a  powerful  analytical  tool  for  elim- 
inating the  often  high  percentage  of  nonfragile  and  nonproductive  areas 
of  deserts  that  are  of  less  concern,  leading  to  the  definition  of  the 
areas  of  critical  concern  that  Justify  monitoring  and  documentation 
expense. 
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In  1978  a  U.S.  Department  of  Agriculture  Remote  Sensing  User  Require- 
ments Task  Force  Identified  over  800  Forest  Service  natural  resource 
information  requirements  which  were  compiled  In  a  Data  Users  Require- 
ments Task  Force  Catalog.  Each  requirement  was  addressed  In  terms  of 
its  current  potential  or  Its  futurie  potential  for  being  classified, 
Interpreted,  or  measured  by  remote  sensing. 

The  review  of  the  Remote  Sensing  User  Requirements  revealed  that  all 
these  requirements  can  be  divided  Into  four  major  groups  based  upon 
application,  as  follows: 

1.  Classification  and  mapping  applications.  Units  of  land  are 
classified  by   vegetative  cover,  nonvegetatlve  cover,  land  use,  land 
form,  or  disturbance. 

2.-  Interpretive  Information  for  specific  applications.  Some 
examples  might  be  the  location  of  an  unusual  stress  condition, 
potential  landslide,  geological  hazards,  and  soil  erosion. 

3.  Measurements  of  resource  parameters.  These  measurements 
Include  linear  distances,  heights,  numbers,  area  and  other  expres- 
sions of  the  size,  quantity  or  quality  of  basic  resources. 

4.  Observation  and  counts  of  occurrences.  This  category  Is 
defined  as  the  determination  of  the  presence  or  absence  of  an  Item 
such  as  erosion. 

With  remote  sensing  tools,  especially  Landsat,  a  resource  Integration 
and  monitoring  program  Is  feasible.  Existing  and  new  data  related 
to  geology,  topography,  soils,  vegetation,  present  land  use,  and 
climate  can  be  taken  and  placed  In  a  uniform  scale  and  known  degree 
of  accuracy  to  provide  reliable  base  maps  for  easy  reference  and  use. 

Qualitative  or  quantitative  data  can  be  acquired  for  periodic  surveil- 
lance concerning  Important  desertification  phenomena  such  as  soil 
moisture,  shifting  and  migrating  sand  dunes,  changing  vegetation 
patterns,  degrees  of  salinity  and  alkalinity  In  cultivated  areas 
whether  periodic  or  permanent  changes,  and  other  phenomena.  Repetitive 
data  can  be  ootalned  rather  quickly  and  cheaply  from  Landsat  satellites 
with  good  resolution  sufficient  for  broad  reconnaissance  purposes. 
The  temperature-measuring  capability  of  Landsat-3  and  of  the  NOAA 
satellite  (although  at  less  resolution  than  Landsat)  can  be  of  great 
value  In  monitoring  soil  moisture.  A  study  of  desertification  should 
be  conducted  Initially  on  a  reconnaissance  level. 
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Appendix  N:  Research  Needs 

Many  of  the  topics  in  the  disciplinary  and  interdisciplinary  research 
related  to  desertification  described  in  this  Appendix  have  been  inves- 
tigated or  are  part  of  ongoing  research.  Some  are  not.  It  is  Important 
to  point  out  here'  that  the  relationship  among  the  reserves  that  constitute 
the  resource  base  are  given  increasing  attention  by  the  scientific 
community  and  the  research  needs  on  the  subject  have  lately  been  better 
identified.  As  an  example,  on  February  1981,  in  Madison,  Wisconsin,  a 
group  of  scientists  and  leaders  met  to  discuss  the  soil  and  water 
resources  research  priorities  of  the  Nation.  During  this  meeting  six 
research  areas  were  selected  as  the  most  important: 

-  sustaining  soil  productivity; 

-  developing  conservation  technology; 

-  managing  water  in  stressed  environments; 

-  protecting  water  quality; 

-  improving  and  implementing  conservation  policy; 

-  assessing  soil  end  water  resources. 

In  each  case  the  dependence  of  the  quality  and  quantity  of  the  whole 
resource  base  on  each  of  the  components  was  stressed,  together  with  the 
need  for  consistent  and  accurate  assessment  through  adequate  data 
collection  and  analysis  (Larson  et  al.,  1981).  What  follows  shows  the 
direction  of,  and  the  focussing  on,  new  and  better  knowledge  needed  to 
prevent,  remedy  and  arrest  desertification. 

1.  Climate 

a.  Climate  and  Weather  Variability  Prediction 

Latitudinal  and  longitudinal  shifts  in  the  air  flow  patterns  of  the 
Southwest  can  have  profound  effects  on  the  climate.  Such  shifts 
are  evidenced  by  drought  when,  for  example,  winter  storms  are 
diverted  northward  for  extended  periods'  of  time.  Although  thes'e 
synoptic  patterns  have  been  observed  for  many  years,  their  mech- 
anisms are  not  well  understood.  Research. is  needed  in  the  following 
areas: 

0  Integration  of  atmospheric  experiments  to  include  the  heating 

function,  microscale,  mesoscale  processes,  and  the  effect  on  and  of 
vegetation; 

0  Determination  of  the  "resiliency"  or  ability  of  water  resources 
systems  to  cope  with  adverse  climatic  conditions.  For  example, 
Interactive  research  Is  needed  among  climatologists, 
plant  biologists,  and  crop  specialists  for  the  establishment  of 
production  functions  of  plants  as  well  as  for  estimating  possible 
large-scale  consequences  of  droughts  and  desertification; 

0  Research  on  deterministic  physics-based  climatologic  modeling, 
and  on  climatic  change.  Such  research  may  eventually  lead  to 
reliable  climatic  forecasts; 
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0  Research  should  continue  In  an  effort  to  gain  basic  understanding 
of  man's  potential  impact  on  climate  (e.g.,  the  long-term  effects 
of  increased  amounts  of  carbon  dioxide  in  the  atmosphere);  and 

0  The  climatic  trends  and  variations  in  arid  and  semiarid  lands  (ASAL), 
taking  into  account  the  micro-,  meso-,  and  macro-scale  processes, 
using  tree-ring  analysis,  for  example; 

The  following  questions  need  to  be  answered.  Are  there  desertification 
trends?  Complexities  arise  when  one  attempts  to  assess  the  trend,  i.e., 
are  the  Southwestern  deserts  growing  or  becoming  smaller?  A  review  of 
Southwestern  history  indicates  that  vegetation  was  more  abundant  100 
years  ago  than  today.  Reduction  of  vegetation  should  change  the  albedo 
of  the  area  and,  subsequently,  the  climate,  but  has  this  occurred?  If 
so,  is  the  trend  continuing? 

The  air  quality  in  the  large  urbanized  portions  of  the  Southwest 
has  markedly  deteriorated  in  the  past  50  years.  The  rapid  increase 
in  population  and  industrialization  in  these  areas  has  produced 
this  problem.  The  influence  of  air  quality  on  the  climate  could 
range  from  trivial  to  significant  and  could  be  manifested,  for 
example,  in  changes  in  precipitation  (positive  or  negative)  due  to 
the  effects  of  air  pollutants  on  weather  systems,  and  changes  in  the 
radiation  balance  which  could  also  affect  precipitation  and 
temperature. 

Other  important  topics  are  the  influences  of  dust  storms  on  climate. 
Examples  of  questions  to  be  addressed  are:  What  are  the  trajectories 
and  extent  of  dust  storms?  What  are  the  main  anthropogenic  factors 
causing  them?  What  is  the  effect  of  suspended  dust  on  precipitation? 

For  planning  purposes,  knowledge  of  the  probability  of  extreme 
weather  events  (floods,  droughts)  is  also  required.  In  some  cases 
where  data  are  limited,  simulation  techniques  for  generating 
synthetic  time  series  are  invaluable.  With  the  inclusion  of  the 
response  functions  and  the  economic  factors,  the  simulated  time 
series  can  be  evaluated  in  a  deci.sionmaking  framework. 


b.  Drought 

The  occurrence  of  severe  droughts  in  the  past  has  in  effect  spurred 
changes  or  adaptations  in  agriculture,  and  has  promoted  conscious 
efforts  to  raise  the  level  of  drought  adjustment  so  that  the  next 
drought  would  have  a  lesser  impact.     At  each  of  three  major  drought 
occurrences--the  1930' s  Dust  Bowl,  the  1950's  and  1970's  droughts--there 
was  a  flurry  of  activity  and  concern.     Each  brought  a  new  or  additional 
emphasis  in  adjustments.     Each  generated  new  research  directions. 

Some  of  the  scientific  and  technological  tools  that  will  aid  in  drought 
mitigation  strategies  include: 
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°  Improved  weather  and  climate  prediction  on  the  time-scale  of  months 
and  seasons; 

°  Improved  assessments  of  land  and  crop  conditions  to  provide  early 
warming  of  drought  incidence,  artd  surveillance  of  drought  severity; 

0  Integrative  models  of  the  interactions  between  soil,  crop,  weather, 
water  supply,  economics  and  other  variables  so  that  the  potential 
Impacts  of  drought  (and  other  climatic  stresses)  may  be  used  as  a 
planning  aid;  and 

0  Scenarios  of  future  droughts  considering  timing,  duration,  severity 
and  extent  of  drought  as  a  further  guide  in  the  design  of  research 
and  management  programs. 

Some  recommended  research  topics  on  agricultural  droughts  needing  more 
support  concern  irrigation  and  water  supply  conservation: 

0  Better  methods  of  estimating  future  v/ater  demands; 

0  Increased  effectiveness  and  reduced  cost  of  retardation  of 
evaporation  by  such  techniques  as  monomolecular  films; 

0  Various  alternatives,  and  the  full  environmental  effects,  of 
reducing  transpiration  losses  from  phreatophytes  by  chemical 
control ; 

0  Crop-yield  water  requirement  relationships; 

0  Development  or  strengthening  of  more  efficient  water  application 
systems; 

0  Additional  research  on  managerial  models  of  water  use;  and 

0  Development  of  alternative  models  of  water  supply  management  to 
overcome  deficiencies. 

The  recommended  research  topics  that  follow  convey  a  broad  perspective 
which  could  lead  to  flexible  modes  of  adjustment  to  urban  and  industrial 
drought  problems.  Much  of  the  research  for  agricultural  droughts  is  of 
direct  benefit  for  urban  droughts  also,  particularly  water  supply 
protection,  weather  modification,  land  use  regulation,  and  prediction 
and  forecast  research.  Some  research  activities  specific  to  urban 
droughts  are: 

0  Improved  desalination  and  water  reuse  technology; 

0  Improving  conventional  water  supply  systems; 

0  Altering  water  demand;  and 

0  Social  problems  of  water  reuse. 
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c.  Acid  Deposition 

This  could  be  a  special  stress  on  .the  arid  ecosystems,  one  v/hich  is 
Increasing  in  importance,  and  should  be  considered.  Acid  deposition, 
in  any  of  its  many  conpositions  or  forms,  causes  deterioration  of 
vegetative  cover,  and  in  this  fashion  may  initiate  and/or  contribute 
to  desertification. 

Acid  deposition  Includes  pollutants,  both  soluble  and  insoluble, 
deposited  from  the  atmosphere.  This  term  has  been  used  because  the 
most  obvious  deleterious  effects  have  been  attributed  to  the  H"*"  ion 
in  precipitation.  Other  effects,  at  least  as  serious,  may  be  due  to 
mercury,  cadmium,  fluoride,  lead  and  various  organics. 

Increased  acidity  in  rain  has  been  observed  in  localized  areas  in  the 
Midwest  and  along  the  West  Coast,  and  the  potential  exists  for  acids 
and  other  pollutants  in  Colorado,  Wyoming,  and  other  nearby  States  from 
full  development  of  foss,il  fuels. 

Extensive  regions  of  the  Western  States  are  both  sources  and  receivers 
of  acid  deposition  impacts,  and  on  these  lands  timber  and  forage 
production  and  other  resources  may  be  sensitive  targets  of  atmospheric 
deposition.   In  addition,  the  long-range  transport  of  acid  rain 
constituents  from  sources  in  arid  and  semiarid  regions  may  have  adverse 
impacts  several  hundred  miles  downwind  from  the  source  in  more  humid 
environments. 

Some  of  the  research  needs  in  this  area  are: 

0  Identification  and  measurement  of  the  anthropogenic  and  natural  sources 
of  emissions  causing  acid  deposition  in  the  Western  States; 

0  Physical  and  chemical  properties  of  atmospheric  transport  in  dry  lands; 

0  Processes  and  composition  of  wet  and  dry  deposition; 

0  Effects  of  acid  deposition  on  the  organic,  Inorganic,  and  nutrient 
components  of  soil  in  arid/semiarid  biomes;  and 

0  Biologic  effects  on  vegetation:  crops,  forests,  rangeland,  bacteria, 
fungi;  and  on  animals:  wildlife,  domestic  animals,  and  humans. 


2.  Soil 


a.  Soil  Salinization 

Soil  salinity  is  a  localized  problem,  very   serious  in  some  instances, 
Although  considerable  work  has  been  done  on  soil  salinity,  and  the 
technology  is  generally  well  understood,  more  research  is  needed  in 
selected  areas.  Some  of  the  areas  of  interest  are: 
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0  Effect  on  aninal  and  plant  nutrition  of  soil-plant  systems  with  high 

amounts  of  calcium  and  silica; 
0  Proper  management  of  both  cultivated  lands  and  wildland  watersheds; 
®  Gradual  salinization  of  soils,  disposal  of  salts,  and  soil 

rehabilitation;  t 

0  Efficient  and  economic  irrigation  management  strategies  to  reduce 
the  detrimental  effect  of  saline  irrigation  return  flow  from 
agricultural  lands; 

0  Effects  of  soil  salinity  on  microbial  mediated  nutrient  trans- 
formations such  as  nitrogen  and  sulfur  cycling; 

0  Effects  and  methods  to  mitigate  salinization  of  water  supplies  from 
retorted  oil  shale  and  from  coal  rine  spoils;  and 

0  Long-term  effects  of  abandonment  of  lands  due  to  salinization. 


b.  Reduction  of  Erosion 

Research  in  soil  erosion  should  be  tied  directly  with  the  soil  potential 
concept  of  land  use  planning,  including  climatic  conditions. 
The  soil  potential  rating  (McCormack,  1974)  is  the  ability  of  a  soil, 
aided  by  modern  technology,  to  produce  or  support  a  given  structure 
or  activity. 

More  information  is  needed  for  erosion  control  on: 

0  Land  surface  condition; 
0  Wind  barrier  vegetation; 
0  Chemical  soil  surface  stabilization;  and 

0  The  mechanism  by  which  soil  particles  move  out  of  the  normal  soi'i 
structure  into  rills  and  then  Into  gullies. 


c.  Land  Reclamation  and  Soil  Loss  Equation 

In  reclaiming  and  re.ha  bill  tat  ing  land  in  arid/semiarld  regions,  some 
specific  problems  are  present  that  could  lead  to  desertification. 
Some  of  the  factors  of  concern  are: 

0  Soil  water  (drainage)  -  water  movement  through  and  over  the  soil 
Including  Infiltration,  permeability,  water-holding  capacity  and 
their  relation  to  storm  drainage,  plant  growth  and  sewage  disposal; 

0  Soil  slope  -  measured  by  degree  of  slope  and  shape; 

0  Soil  eroislon  -  the  present  condition  during  overland  flow  and 
susceptibility  to  future  erosion; 

0  Soil  depth  -  depth  to  bedrock  and  other  material  difficult  to 
excavate; 
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0  Soil  stability  -  engineering  properties  that  determine  suitability 
for  subgrades,  sanitary  landfills,  etc.  Shrink-swell  characteristics 
and  presumptive  bearing  values  which  affect  foundations  are  also 
Included; 

0  Soil  wetness  -  usually  expressed  as  depth  to  water  table,  stream 
overflow  and  collection  of  surface  'runoff;  and 

0  Soil  permeability  -  capacity  for  movement  of  water  through  the  soil. 

0  Soil  water  quality  -  generally  not  given  enough  attention,  even 
though  adverse  quality  parameters  (e.g.,  salinity)  are  included  in  the 
final  assessment  of  land  use. 

0  Methods  of  integrating  regional  factors  such  as  climate,  atmospheric 
diffusion  in  complex  terrain,  or  atmospheric  temperature  gradients,  all 
of  which  Impact  on  the  ultimate  development  of  a  region,  with  other 
lands  characteristics,  should  be  developed. 

Refinement  of  the  soil  potential  concept  in  land-use  planning  to 
include  climatic  considerations  with  reference  to  semlarid  mountain 
terrain  is  also  recommended.  This  rating  in  general  integrates  the 
yield  or  performance  level  and  the  difficulty  of  applying  treatments 
to  overcome  or  minimize  the  effect  of  soil  limitations. 

At  present  no  standard  methods  exist  for  measuring  soil  loss  from  arid 
and  semlarid  lands,  and  in  its  present  form  the  Universal  Soil  Loss 
Equation  (USLE)  is  not  usable  for  western  rangelands  (Herbel,  1980). 
Improvement  of  the  USLE  would  require  research  on  the  rainfall  factor 
(R),  the  slope-length  factor  (SL)  and  the  erosion  factor  (K). 

The  mesoclimate  and  soil  factors  should  be  studied  jointly  in  terms 
of  soil  erosion  and  stream  sedimentation,  which  is  a  major  water 
pollutant.  Research  sites  should  Include  wildland  watersheds,  lands 
after  timber  cutting,  oil  shale  spoils,  and  strip  mine  overburden. 
Another  topic  of  Interest  is  the  reclamation  of  disturbed  land, 
returning  it  to  its  natural  condition  or  another  preselected  one. 

Paleoclimatic  history  of  the  high  plains  needs  investigation  to  determine 
whether  existing  deteriorated  soils  can  be  restored  under  today's  climatic 
conditions  (Curry,  1980)  and  at  what  rate  the  soil  actually  forms. 


3.  Water 

The  allocation  of  a  scarce  resource,  water,  and  the  effects  of  this 
allocation,  are  viewed  by  scientists  as  central  to  practically  all  the 
Issues  generated  by  competing  demands  and  demographic  changes  in  the 
dry  areas  that  may  lead  to  desertification.  Increased  understanding  of 
nature's  hydrologic  systems  is  necessary  for  successful  resolution  and 
avoidance  of  this  and  related  problems. 

Major  emphasis  of  research  In  water  resources  management  has  been  directed 
toward  methods  for  increasing  water  supply,  such  as  desalinization  and 
weather  modification.  Emphasis  should  be  shifted  more  toward  the 
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conservation  and  protection  of  water  resources,  specially  in  water-short 
areas. 

Some  general   research  concerns  are  to: 

°    Develop  methods  to  increase  irrigation  efficiency; 

0     Conduct  studies  on  hydraulic  properties  of  aquifers  -  natural 
recharge  -  infiltration  -  contamination  problems; 

0    Develop  hydrological  simulation  models  capable  of  integrating 
surface  and  ground  water  quantity  and  quality  characteristics; 

0    Conduct  studies  on  augmentation  of  water  supplies  through 
water  reuse,  salvage  of  diffuse  and  emphemeral  desert  basin 
runoffs,  water  importation--problems  and  impacts; 

0    Develop  methods  for  calculating  minimal  water/energy  budgets 
for  agriculture  and  other  land  uses  that  permit  optimal  use  of 
resource  base  and  avoid  the  hazard  of  desertification; 

°     Conduct  long-term  studies  to  determine  the  impact  of  lesser 

quantities  of  water  on  the  soil  and  the  timing  of  water  for  each  plant  species. 
species; 

°     Develop  methods  to  control  and  utilize  tailwater  more  effectively;  end 

0     Evaluate  water  yield  increases  from  vegetation  manipulation. 

a.     Groundwater 

Severe  quantity  and  quality  problems  are  facing  groundwater  systems 
throughout  the  country  as  groundwater  resources  are  mined,  contam- 
inated, and  we'lls  are  closed  or  depleted.     It  Is  noteworthy  that  ground- 
water is  a  major  source  of  water  supply  in  the  Western  and  Great  Plains 
States.     There  is  inadequate  technical  and  related  data  about  ground- 
water resources--information  needed  to  make  sound  decisions  about 
regulations  and  management--to  fully  understand  the  physical  and 
chemical   processes  involved  in  the  changes  occurring  within  the  aquifer. 

Studies  are  needed  on  water  mining;  artificial  recharge  programs;  well 
and  playa  lake  management  and  modification;  assessment  of  diverse 
irrigation  and  cultural  practices;  potential  for  pesticide  and  fertilizer 
contamination  of  aquifers;  natural  and  induced  recovery  of  a  contaminated 
aquifer;  waterlogging  of  soils  and  its  effect  on  salinization  of  ground 
water;  impact  on  aquifers  of  underground  storage  of  liquid  wastes  and 
excess  surface  runoff;  recharge  of  treated  municipal  wastes  into  shallow 
and  deep  aquifers,  and  pressure  buildup  consequences. 

Other  areas  needing  research  are:  groundwater  conservation  and 
reuse  practices,  their  social  and  economic  effects;  demand  control 
methods  for  diverse  uses;  management  alternatives  assuming  ground- 
water as  a  non-renewable  resource;  and  equity  in  multiple  use  of  scarce 
groundif/ater  and  total  water  resources. 
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The  augmentation  of  ground  water  supplies  through  salvage  of  diffuse 
and  ephemeral  desert  basin  runoff  should  be  explored.  The  use  of  other 
artificial  means  to  minimize  diffuse  system  losses,  maximize  use  of 
aquifer  storage  capacity,  and  extend  the  developable  ground  water  supply 
should  also  be  investigated. 

b.  Water  Conservation,  Supply,  and  Demand 

The  discussion  in  this  section  includes  water  quantity  and  quality 
considerations. 

It  has  been  suggested  that  negative  incentives  constitute  the  greatest 
deterrent  to  effective  water  conservation.  These  negative  incentives 
are,  for  the  most  part,  legal  or  institutional.  Research  is  needed  to 
determine  the  extent  to  which  these  negative  incentives  are  valid, 
and  to  suggest  mitigating  alternatives.  Presently,  the  only  method  used 
to  regulate  the  amount  of  groundwater  pumped  on  the  Texas  High  Plains, 
for  example,  is  well  spacing.  Legal  and  institutional  research  can 
provide  alternatives  which  may  better  suit  the  interests  of  High  Plains 
residents.  For  example,  subsidization  practices  should  be  examined. 

Some  research  topics  are: 

0   Case  studies  of  demand  management  by  pricing,  metering, 
education,  regulation,  etc.; 

0   The  new  phenomenon  of  limiting  growth  (urban  or  agricultural) 
according  to  the  criterion  of  water  availability; 

0   The  way  1n  which  various  states  look  at  evaluating  demand 
within  existing  laws; 

0   Variability  of  water  availability,  and  the  likelihood  of 
immediate  institutional  response  to  changes;  and 

0   Case  studies  of  the  recent  drought  in  the  American  Southwest 
In  terms  of  what  worked  and  what  did  not. 


c.  Water  Reuse 

Water  reuse  can  be  an  effective  method  for  meeting  some  of  the  increased 
demand  on  limited  fresh  water  supplies.  While  technological  advance- 
ments necessary  to  reuse  water  effectively  have  been  made  in  recent 
years,  deficiencies  still  exist.  Most  technological  innovations  have 
been  concerned  with  the  reuse  of  wastewaters  for  industrial  purposes, 
with  little  regard  to  agricultural  reuse.  Agricultural  reuse  systems 
should  be  a  topic  of  intensified  research  and  investigation.  Economic 
analyses  should  be  undertaken  to  determine  potential  savings  through 
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reuse  in  terms  of  short-  and  long-range  benefits,  as  well  as  savings  in 
treatment  costs  and  benefits  from'nutrients  contained  in  wastewater. 

Probably  the  greatest  deterrent  t9  water  reuse  that  exists  today  is 
the  question  of  risk  associated  with  health  effects.  In  addition, 
because  of  quality  deterioration,  water  cannot  be  reused  Indefinitely 
in  a  closed  cycle.  Methods  to  treat  or  dispose  of  water  no  longer 
reusable  must  be  found  which  are  environmentally  sound  and  economically 
feasible.  For  agricultural  reuse  it  is  Important  to  know  the  effect 
that  certain  contaminants,  especially  organic  chemicals,  will  have  on 
certain  crop  productivity  and  soil  quality.  The  fate  of  potentially 
harmful  organic  chemicals  needs  to  be  documented. 


4.  Flora  and  Fauna 

a.  Stressed  Ecosystems  Studies 

Desertification,  drought,  flash  floods,  and  dust  storms  are  some  of 
the  stresses  on  arid/semiarid  areas.  Not  much  is  known  about  the  biota 
responses  to  stresses,  nor  the  rate  of  recovery  from  a  single  event 
and/or  combination  of  events.  The  effect  of  extreme  climatic  conditions 
on  microbial-mediated  nutrient  transformations  in  arid/semiarid  lands 
should  be  researched,  e.g.,  the  effect  of  direct  solar  exposure, 
reaching  temperatures  of  180°F,  the  mitigating  influence  of  shade  from 
vegetation,  the  availability  of  moisture,  etc.,  all  having  a  direct 
effect  upon  microbial  propagation.  Also,  an  increased  effort  must  be 
made  to  define  the  basic  functional  responses  of  crops,  plants,  and 
animals  to  weather  and  climate  so  we  can  improve  our  present  systems  of 
crop,  range,  and  livestock  management.  It  is  also  important  to  better 
understand  the  impacts  of  diverse  land  uses,  e.g.,  dry  farming,  grazing, 
mining,  urbanization,  etc.,  on  the  arid/semiarid  biomes,  and  why  and 
how  desertification  may  result  from  these  impacts.  The  use  of  control 
ecosystems  (national  parks,  biosphere  reserves)  to  distinguish  between 
natural  and  induced  changes  in  biotic  systems  can  be  extremely  useful  as 
well  in  following  increasing  and  decreasing  trends  in  their  quality. 

New  methods  to  control  noxious  plants,  and  the  assessment  of  their  impact 
on  the  surrounding  systems  should  be  given  stronger  support. 


b.  Salt-Resistant,  Drought-Resistant  Plants 

There  is  a  need  for  rethinking  and  reevaluating  the  traditional 
approach  to  salinity,  which  has  been  devoted  almost  exclusively  to 
environmental  manipulation.  Most  needed  are  the  addition  and 
vigorous  application  of  new,  biological,  and  specifically  genetic 
dimension  to  research  and  development  dealing  with  salinity.  Some 
of  the  topics  for  research  In  this  area  are: 

°  Methods  for  Increasing  the  existing  germplasm  collections  through 
the  addition  of  salt-tolerant  species  and  varieties; 
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0  A  judicious  choice  of  promising  species  which  (a)  are  of  actual 
or  potential  importance  as  sour*ces  of  food,  fodder,  fiber, 
medicinal  or  industrial  materials,  or  biomass  for  energy,  and 
(b)  have  an  evidenced  genetic  p,otential  for  salt  tolerancej  and 

0  Basic  research  into  the  mechanisms  of  salt  tolerance  and 
sensitivity. 

Efforts  should  be  made  to  develop  plant-grov/th  stimulation  models  with 
a  data  base  sufficient  to  lead  into  recommendations  for  optimal  water 
use  under  a  variety  of  conditions:  e.g.,  unlimited  water  avail- 
ability, limited  water  at  various  growth  stages,  limited  water 
application  rates,  and  drought  conditions.  The  models  could  be  used  to 
determine: 

°  Physiology  of  plants  and  crops  native  and/or  adaptable  to  arid 
and  seniarid  lands  (using  high  salinity  and  natural  water  for 
irrigation  and  various  irrigation  methods); 

°  Market  values  of  arid  and  semiarid  crops  and  development  of  appro- 
priate technologies  to  make  production  of  such  plants  economically 
attractive; 

°  Land  classification  schemes  to  define  compatible  land-plant-animal- 
climate  systems; 

0  Ecological  sensitivity  of  dry  lands  to  temporary  and  persistent 
weather  changesj 

0  Climatic  and  hydro! ogical  effects  of  agricultural  land  use  (with 
emphasis  on  the  effect  of  introducing  native  and  non-native  species 
to  arid  and  semiarid  lands); 

0  Drought  tolerance  and  protoplasmic  qualities  in  mesophytic  higher 
plants; 

0  The  mechanism  by  which  some  plants  survive  very  high  temperatures 
leading  to  collection  and  breeding  of  heat-tolerant  varieties  of 
valuable  plants;  and 

0  Improved  methods  of  reforestation  and  rehabilitation  of  semiarid  lands 

c.  Wildlife  and  Grazers 

When  desertification  occurs,  animals  are  affected  as  well  as  vegetation. 
Some  areas  of  faunal  research  may  include: 

0  Transplant  and  propagation  of  endangered  species; 

0  The  extinction  process  of  endangered  species  through  time  and  the 
Induced  extinction  due  to  desertification; 
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0  Development  of  economical  Inventory  techniques  for  rangelandsi 

0  Development  of  Improved  classification  schemes  for  rangelands; 

0  Species  of  grazers  that  could  survive  In  distressed  tcosystems; 

0  Grazing  tolerance  of  distressed  ecosystems; 

0  Game  ranching  alternatives  to  domestic  livestock; 

0  Assessing  the  Introduction  of  exotic  species  In  stressed  ecosystems; 

0  Impact  on  domestic  and  wild  animals  of  the  dewatering  of  streams. 

0  Vegetation  management  to  minimize  herbivory. 

0  Integration  of  knowledge  of  grasshoppers  and  locusts  and  their 
effect  on  desertification. 

5.  Population  Dynamics:  Growth  Patterns 

Native  populations  of  the  U.S.  drylands  seem  to  have  evolved  social 
systems  incorporating  methods  of  resource  use  that  maintained  them  in 
dynamic  equilibrium  with  arid  environments.  With  the  European 
colonization  of  the  New  World  and  with  the  conquest  of  the  West,  new 
modes  of  coping  with  a  hostile  environment  were  applied.  The  United 
States  has  evolved  highly  integrated  economies  and  transportation 
networks,  and  dry  area  populations  have  become  somewhat  less  vulnerable 
to  the  effects  of  desertification  and  drought.  In  such  moderate-  or 
low-risk  situations,  the  climate  and  relative  uncrowdedness  of  arid 
lands  have  encouraged  movements  Into  the  Sunbelt.  A  net  migration  from 
the  Frostbelt  is  taking  place  that  Is  taxing.  In  some  Instances  heavily, 
the  resource  base  of  certain  portions  of  the  Western  States.  Also,  the 
population  and  economic  shifts  from  farm  to  urban-related  activities 
and  the  changes  In  land -uses  have  resulted  In  strong  environmental 
changes,  such  as  the  local  abandonment  of  field  systems,  including 
terracing,  small,  ephemeral  stream  dams,  and  primitive  Irrigation 
networks  that,  in  some  cases,  can  be  a  factor  in  desertification  (Kates 
et  al,,  1976).  While  excessive  population  growth  Increases  demands  on 
the  resource  and  may  lead  to  its  Impairment,  some  population  1$  needed 
to  maintain  the  labor-intensive  long-term  productivity  and  to  transmit 
knowledge  of  the  evolved  adaptive  technology  to  other  generations. 

While  the  American  Southwest  appears  to  represent  a  successful  example 
of  maintaining  large  populations  In  arid  zones  without  resource  impair- 
ment, some  symptoms  of  declining  productivity  may  suggest  that  the  irei 
may  instead  have  achieved  a  tenuous,  short-term  environmental  equillbrlyw. 
Should  the  Western  resources  development  go  to  higher  levels  of 
agricultural  and  energy  production,  and  or  urbanization,  this  equilibrium 
may  be  disturbed.  In  relation  to  this  possibility  some  of  the  topics 
that  need  study,  or  continued  support,  are: 
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0  The  traditional  methods  of  coping  with  the  Inherent  variability  of 
arid  lands.  Including  strategies  for  dealing  with  risk.  Findings 
should  enable  better  prediction  of  the  consequences  of  altering  or 

eliminating  these  procedures; 

0  The  assessment  of  how  people  living  In  drylands  evaluate  the  potential 
return  on  and  vulnerability  of  their  investments,  as  well  as  how  they 
perceive  their  options.  The  question  of  what  motivates  successful  local 
participation  in  development  and  anti-desertification  efforts  should 
also  be  addressed; 

°  The  dependence,  if  any,  of  the  social  systems  on  Institutional 
supports  such  as  federal  subsidies; 

0  The  effect  on  the  social  systems  of  Increasing  urbanization; 

°  the  economic  and  environmental  costs  of,  and  impacts  on,  the 
arid  regions  for  securing  water,  energy,  and  raw  materials  for 
growing  urban  centers.  Example:  water  resources  for  the  city 
of  Tucson  come  at  the  price  of  retiring  farms  around  the  city. 


6.  Socio-Behavioral  Factors 

Research  related  to  social-behavioral  aspects  should  include,  but  not 
be  limited  to: 

0  Investigating  incentives  which  create  self-regulation,  rather  than 
government  regulation,  of  water  and  other  resources  for  more 
efficient  use; 

0  Analyzing  individual  and  group  perception  of  arid/semiarid  lands 
resource  problems,  and  the  relation  of  these  perceptions  to  the 
manner  in  which  conservation  and  management  programs  are  being 
conducted;  • 

0  Assessment  of  the  extent  to  which  public  participation  can/should 
be  incorporated  into  resource  allocation  decisions; 

0  Assessment  of  the  nature  and  content  of  social  and  political 
conflicts  between  urban  and  rural  interests  in  arid  areas; 

0  Investigation  of  the  social  consequences  of  changes  due  to  desert- 
ification, in  dominant  economic  activities  in  arid  regions,  e.g., 
from  mining  and  agriculture  to  manufacturing  and  tourism; 

0  Analysis  of  the  impact  of  localism  and  regionalism  In  policy  Issues 
debates,  i.e..  "Sunbelt"  vs.  "Frost belt,"  energy-producing  states 
vs.  energy-consuming  ones,  etc.; 

0  Assessment  of  the  extent  to  which  cultural  background  and  values 
contribute  to  desertification  of  arid  lands; 
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t>    Assessment  of  social  effects  of  large-scale  vs.  small-scale 
technological   responses  to  aridity  and  desertification; 

0     Investigations  of  methods  to  effect  short-  and  long-term  changes 
In  attitudes  and  values  relevant  to  drought,  aridity,  and 
desertification; 

0     Examination  of  the  Impacts  of  special  growth  patterns  on  the 

development  of  arid  and  semlarid  resources.  I.e.,  retired  persons, 
fixed  income  groups,  transients,  etc.;  and 

0    The  "boom-town"  phenomena,  or  the  development  associated  with  energy 
and  mineral  extraction/production,  and  large  civil  and  defense  works. 

7.      Economics 

Increased  recognition  is  given  to  the  need  for  making  the  best  long- 
range  use  of  natural  resources  -  an  approach  that  often  conflicts 
with  the  conventional  economics  of  each  individual  or  entity  for 
maximizing  returns.  In  the  case  of  drylands,  the  recognition  of 
the  limitations  of  the  system  and  the  hazard  of  desertification 
fosters  the  interest  in  conserving,  sustaining,  and  enhancing  the  quality 
of  the  renewable  resource  base  land.  It  is  also  recognized  that  these 
resources  must  be  protected  from  Irreversible  damage.  Another  concern 
related  to  maximizinq  the  life-cycle  value,  rather  than  the  short-term 
value,  of  nonrenewable  resources,  is  groundwater  without  natural 
recharge. 

One  approach  to  research  of  economic  dynamics  problems  may  be  subdivided 
according  to  whether  (a)  they  are  resources  of  the  arid  region  itself; 
or  (b)  are  obtained  by  exchanges  of  resources  or  services  with  other 
regions.  Solutions  may  be  sought,  then,  within  the  region,  from  those 
whose  solutions  must  necessarily  Involve  interactions  with  other  regions. 

Current  thinking  is  toward  the  explicit  recognition  that  traditional 
economics  emphasizes  short-range  dollar  values,  which  results  in  treating 
the  returns  of  extracted  resources  as  current  Income  rather  than  as 
withdrawal  of  capital.  A  newer  approach  Is  directed  toward  a  broader 
framework  of  valuation  where  prices  of  extracted  nonrenewable  resources 
are  predicted  based  on  the  cost  of  replacing  them  with  renewable  resources. 

Economic  studies  on  dispersed  vs.  concentrated  uses  are  needed.  One 
example  Is  provided  by  the  values  assigned  to  water  according  to  use. 
While  typical  cost  of  water  used  for  Irrigated  agriculture  may  vary 
from  $5  per  acre-foot  to  $50  per  acre- foot,  water  used  for  domestic 
purposes  costs  approximately  $120  per  acre-foot;  water  used  for 
secondary  oil  recovery  purposes  Is  rated  at  a  value  of  approximately 
$600  per  acre- foot.  Therefore,  if  economic  forces  alone  were  to 
determine  where  adjustments  in  water  consumption  were  to  be  made, 
agriculture  and  Its  supporting  Industries  would  bear  most  of  the 
burden.  Studies  to  estimate  the  Impact  that  response  to  such  water 
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values  would  have  on  agriculture  In  arid  and  semlarld  lands,  and  to 
Investigate  means  of  mitigating  adverse  impacts  that  would  certainly 
accompany  any  shifts  from  agriculture  are  needed.  Similar  studies 
on  other  resources  affected  by  desertification  and  their  shifting 
values  are  needed  as  well. 

Energy  costs,  rather  than  declining  water  supplies,  may  markedly 
reduce  irrigation  in  the  West.  For  this  reason,  it  is  urgent  to 
conduct  studies  ained  at  solving  the  problems  presented  by  the 
increasing  cost  of  energy,  and  inefficiency  of  some  irrigation  systems. 
Research  is  also  needed  to  evaluate  alternative  energy  sources  for 
powering  Irrigation  wells.  Such  alternative  energy  sources  will 
include  solar,  wind,  and  biomass,  all  of  which  are  frequently 
associated  with  arid  and  semiarid  lands. 

As  has  been  stated,  the  present  average  cost  of  water  for  irrigation 
varies  fron  $5  per  acre-foot  to  $50  per  acre-foot,  whereas  it  has  been 
reported  that  the  energy  sector  is  willing  to  pay  a  much  more  substantial 
price.   The  price  differential  is  likely  to  cause  a  major  shift 
of  irrigation  water  to  energy- related  activities.  The  corresponding 
socioeconomic  impacts  of  this  trend  and  the  associated  local  and 
regional  economic  tradeoffs  should  be  studied. 

Other  topics  to  be  studied  include: 

0  The  implications  of  developing  and  exporting  resources  of  arid 
lands  for  utilization  outside  arid  regions  that  would  not 
contemplate  rehabilitation  of  impacted  areasj 

0  The  costs  and  benefits  of  applying  national  environmental 
standards  to  arid  lands; 

0  The  development  of  methods  to  better  quantify  and  analyze 
the  losses  due  to  desertification;  and 

0  The  development  of  methods  to  measure  the  benefits  accrued 
from  preventing  and  arresting  desertification. 

8.  Policy  Decisionmaking 

The  central  theme  of  policy  analysis  is  the  investigation  of  govern- 
mental decisionmaking.  As  such,  it  seeks  to  identify  the  process  by 
which  public  issues  are  recognized  and  the  ways  in  which  solutions 
are  both  devised  and  implemented.  Decision  analysis  can  be  concerned 
with  evaluation  of  implementation  and  the  feedback  of  such  evaluation 
into  the  decisionmaking  continuum.  Although  it  is  a  generalized 
approach,  policy  analysis  is  usually  conducted  in  a  limited  area  of 
interrelated  problems  and  solutions,  i.e.,  natural  resource/environ- 
mental policy,  forest  policy,  etc. 
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Research  relited  to  policy  decisionmaking  aspects  concerning  the 
desertification  problem  should  Include,  but  not  be  limited  to: 

0  Investigating  the  advantages  and  disadvantages  and.  If  possible,  the 
political  feasibility  of  discoui^aging  population  migration  to  arid 
and  lemiarid  regions,  that  Is,  curbing  the  long-term  trend  of 
population  movement  from  the  "Frostbelt"  to  the  "Sunbelt;" 

0  Developing  more  acute  methods  to  Identify,  measure,  quantify, 
and  evaluate  all  commensurable  and  noncommensurable  benefits 
and  costs.  Including  risk,  In  a  multiobjective  framework;  and 

0  Assessing  the  effects  of,  and  possible  changes  In,  national  environ- 
mental policies  in  arid  and  semiarid  regions  against  a  framework 
of  environmental  protection  and  arid  economy  maintenance,  and 
projected  energy  development. 

Improved  techniques  for  quantifying  and  evaluating  non-economic 
costs  and  benefits  will  allow  local.  State,  and  Federal  governmental 
agencies  and  Individuals  to  make  more  rational  decisions  In  devel- 
oping and  allocating  resources  so  as  to  prevent  deterioration. 
Furthermore,  an  overall  systems  approach  to  the  resource  base 
management  problems,  with  a  thorough  consideration  of  economic, 
environmental,  quality,  esthetic,  quality  of  life,  social  well- 
being,  and  legal  viewpoints  will  allow  an  Informed  public  to  better 
identify  and  select  both  optimal  alternatives  and  consequences. 

The  following  list  of  research  topics  associating  institutional  and 
legal  aspects  with  decisionmaking  typifies  the  need  for  and  signif- 
icance of  research  on  these  aspects: 

°  Involve  decisionmakers  In  research  on  policy  decisionmaking. 
Mechanisms  should  be  developed  for  presenting  and  packaging 
the  various  research  results  on  policy  decisionmaking  aspects 
In  a  form  usable  and  understandable  by  decisionmakers. 

®  Explore  decisionmaking  techniques  for  displaying.  Identifying, 
measuring,  evaluating,  and  integrating  soclo-environmental  (non- 
market)  values  and  the  economic  objectives  on  an  equal  basis; 

0  Examine  the  distributional  effects  of  certain  policies  related 
to  soil  and  water  conservation; 

0  launch  Investigations  that  Include  the  nontraditional  scenario 
game-playing,  such  as: 

-  regulating  Irrigated  agriculture; 

-  assessing  the  effects  of  enforcing  a  160-acre  limitation  on 
Irrigated  acreage  for  Federal  reclamation  projects; 

-  limiting  or  stopping  agricultural  subsidies; 

-  detemlnlng  social  resiliency  and/or  Irreversibility  of 
actions. 
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0  Identify  and  evaluate  types  of  Federal  and  State  policies 
which  have  been  modified  in  response  to  arid  conditions 
(e.g.,  the  Homestead  Act  was  modified  In  Its  application  to  the 
West  by  the  Desert  Land  Act); 

0  Identify  governmental  policies  unique  to  drylands  and  evaluate 
their  applicability  for  humid  regions  which  have,  or  may  have, 
problems  of  scarcity.  There  is  already  a  tendency  for  Western 
water  law  concepts  to  move  east; 

0  Assess  the  extent  to  which  there  is  a  need  for,  and  existence  of, 
an  arid. region  urbanization  policy; 

0  Examine  the  legal  and  political  implications  of  a  large-scale 
weather  modification  policy; 

0  Identify  land  types  and  land  use  patterns  1n  arid  and  semiarid 
regions  in  order  to  establish  the  parameters  for  alternative  land- 
use  policies  in  the  desertification-prone  areas; 

0  Assess  groundwater  policies,  the  extent  of  depletion,  and  its 
ir^pact  on  the  quality  of  drylands; 

0  Asses:  the  political,  legal,  and  technological  feasibility  of  water 
reuse  policies;  and 

0  Assess  the  efficiency  of  drought  insurance  as  an  alternative  to 
investing  in  drought-proofing  facilities  (such  as  reservoirs). 

9.   Institutional  and  Legal  Factors 

Research  on  institutional  topics  attempts  to  Identify  the  formal  and 
informal  structures  and  processes  of  government  and  society  which  have 
either  a  legal  or  common  usage  base,  and  are  generally  accepted  by 
society  ar  authoritative.  Part  of  the  identification  process  involves 
defining  the  role  performed  by  institutions  in  the  overall  governmental 
process. 

In  the  special  case  of  research  on  legal  and  Institutional  arrangements 
in  arid  and  semiarid  locales,  efforts  should  aim  at.  but  not  be  limited  to, 
investigating  the  organizations  that  would  permit  or  that  could  strain 
or  restrict  efficient  resources  use.  For  example,  work  needs  to  be 
done  on  how  we  go  a^^ut  effecting  changes  In  water  use  In  arid  areas, 
where  necessary,  while  protecting  individual  equity,  the  economy,  and 
preferred  modes  of  life  with  respect  to  energy,  agriculture,  municipal 
and  Industrial  development.  There  Is  also  a  need  for  a  better  under- 
standing of  arid  lands  institutions  concerned  with  reducing  risk  (e.g., 
cooperatives,  credit  extensions,  storage  facilities),  allocating  scarce 
resources  (e.g.,  water  rights  and  systems  of  land  tenure),  and  curtailing 
production  in  bad  years  (e.g.,  soil  banks  and  price  support  systems). 
The  mission  of  such  institutions  Is  to  minimize  the  probability  of 
resource  degradation  and  consequent  economic  and  social  dislocation. 
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Criteria  for  evaluating  the  effectiveness  of  these  Institutions  should 
Include  a  measure  of  the  flexibility  of  their  responses  to  the  special 
nature  of  arid  environments;  their,  contribution  to  the  preservation  of 
ecosystem  functions  should  also  be  assessed. 

One  exarnle  of  potential  benefits  from  such  research  Is  on  the 
determination  of  the  Institutional  arrangements  that  would  allow 
orderly  transfers  of  water  during  emergencies  to  mitigate  the  effects 
of  droughts  and/or  desertification,  since  technically  such  transfers  are 
already  possible.  As  it  Is,  very  limited  planning  exists  to  deal  with 
these  contingencies.  Improved  techniques  for  evaluating  non-economic 
costs  and  benefits  will  allow  governmental  agencies  and  individuals  to 
make  sound. decisions  in  developing  and  allocating  resources  when  the 
quality  of  the  land  is  at  stake. 

The  following  list  of  research  topics  associated  with  institutional  and 
legal  aspects  could  be  applied  for  the  prevention  and  arrest  of 
desertification: 

0  Documentation  of  institutional  constraints  and  relative 

advantages:  Are  there  inhibitions  for  choosing  the  most  effective 
institutional  arrangement?  What  Is  the  functional  relationship 
among  local.  State  and  regional  entities?  From  a  national, 
regional,  or  State  perspective,  what  are  the  relative  advantages 
of  policy  uniformity  vs.  diversity? 

0  Examining  the  transferability  of  water  rights,  particularly 
their  effect  on  implementation  of  water  conservation  practices 
and  policies,  changes  in  water  use  and  location  of  use,  reuse 
and  interstate/international  issues:  The  means  or  method  to 
effect  water  rights  transfers  should  be  Included; 

0  Building  the  unit  return  (product,  services)  per  unit  input  of 
water  into  the  allocation  equation  approach,  e.g.,  mining  and 
agriculture  vs.  manufacturing  and  tourism.  Consideration  should 
be  given  to  the  decline  in  productivity  of  lands  from  which  water 
is  collected^ 

0  Comparative  and  evaluative  research  of  planning  at  the  local. 
State,  regional  and  national  levels  with  the  private  sector 
to  generate  an  appraisal  of  the  government/private  "mix," 
influence  and  effectiveness:  What  have  been  the  consequences 
where  land  use  planning  has  been  carried  out? 

0  Assurance  of  alternative  means  for  local  Institutions  to  take 
into  account  in  their  decisions  extra-local  resources  and 
conditions.  Examples: 

(1)  There  1s  a  well-established  legal  doctrine  that  local 
(land)  planning  authorities  must  take  Into  account  extra- 
territorial consequences  of  their  decisions.  What  would  be 
the  consequences  of  applying  this  doctrine  to  the  institutions 
that  control  other  resources  In  arid  regions  -  stream  flow, 
weather  modification,  groundwater? 
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(ii)  Veto  authority  in  the  hands  of  higher  government  Institu- 
tions, e.g.,  national  or  State  agencies  having  authority  to  veto 
decisions  of  State  or  local  institutions,  respectively 

(iii)  Evaluate  the  effectiveness  6f  grants-in-aid. 

0  Analysis  of  institutional  arrangements  for  regulating,  funding, 
and  protecting  areas  losing  water  In  interbasin  transfers.  Such 
institutional  arrangements  in  the  United  States  have  potential 
transferability  to  other  arid  areas  In  the  world; 

0  Institutional  arrangements  for  maintaining  instream  flows  In 
areas  of  water  scarcity; 

°  Investigation  and  identification  of  Indian  water  and  other 
resources  rights  and  assessment  of  institutional  ways  for 
protecting  both  Indians  and  other  users; 

0  Inquiry  into  the  Institutional  arrangements  for  implementing 
Indian  tribal  control  within  the  framework  of  existing  agencies 
In  matters  of  environment  and  energy; 

°  Cross-national  and  interstate  study  of  Institutional  approaches 
to  water  scarcity  and  its  effect  on  land  conditions; 

^  Assessment  of  the  extent  to  which  state  power  in  land  and 
water  regulation  is  inhibited  by  the  major  federal  presence  In 
arid  lands; 

0  Appraisal  of  institutional  methods  for  effective  coordination 
between  resource  planning  and  land  use  planning.  In  the  context 
of  arid  conditions  and  In  contrast  to  humid  conditions; 

0  Review  of  institutional  methods  for  effective  coordination  among 
national,  state,  and  local  resource  management  agencies; 

0  Identification  of  institutional  barriers  to  land  treatment 
methods  for  water  quality  control  in  arid  areas; 

0  Assessment  of  existing  and  alternative  Interstate  compacts  and 
regional  organizations  to  resolve  domestic  and  international 
problems; 

0  Evaluation  of  institutional  arrangements  for  resources  conservation 
on  both  a  short-  and  a  long-term  basis; 

0  Research  of  institutional  methods  of  minimizing  damage  from  flash  floods; 

0  Analysis  of  the  effectiveness  of  present  institutional  arrangements  for 
protecting  long-term  public  Interests  In  arid  areas,  rather  than 
protecting  short-term  private  Interests;  and 

-270- 


Assessment  of  the  most  effective  scope  of  resource  management 
Institutions  (local.  State,  and  national)  In  dealing  with  problems 
In  arid  areas. 


I 


f 


-271- 


Appendix  0:  Working  Groups  and  Staff 


Official  State  Liaisons 


ARIZONA 


CALIFORNIA 


COLORADO 


Mr.  Robert  K.  Lane 
Deputy  Commissioner 
Arizona  State  Land  Dept. 
1624  West  Adams 
Phoenix.  AX  85007 

Dr.  Priscilla  C.  Grew,  Director 

Dept.  of  Conservation 

State  of  California 

1416  Ninth  St.,  Room  1320 

Sacramento,  CA  95cl4 

Dr.  Evan  Vlachos 
Science  and  Technology  Council 
State  of  Colorado 
(Professor  of  Sociology 
Colorado  State  University 
Fort  Collins.  CO  80523) 


IDAHO 


Mr.  Frank  L.  Lundbjrg 
Governor's  Assistant  for 
Agriculture  and  Range 
State  Capitol 
Boise.  ID  83720 

fir.  David  P.  Tidwell 

State  Rengeland  Resources  Coordinator 

State  Capitol 

Boise.  ID  63720 


KANSAS 


MONTANA 


Mr.  John  Wilhm 
Ozarks  Regional  Conrnission 
503  Kansas  Avenue,  6th  Floor 
Topeka,  KS  66603 

Mr.  Tim  Gallagher 
Montana  Dept.  of  Natural 

Resources  &  Conservation 
32  South  Ewing 
Helena,  KT  59601 


Mr.  Newell  Anderson 
Old  West  Regional  Conniss Ion/DOC 
Room  212,  Capitol  Bldg. 
Helena,  HT  59601 
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NEBRASKA 


NEVADA 


NEW  MEXICO 


NORTH  DAKOTA 


OKLAHOMA 


OREGON 


SOUTH  DAKOTA 


Mr.  Larry  Bare 

Division  Chief 

Natural  Resources  &  Economic  Development 

Policy  Research  Office 

State  of  Nebraska 

Lincoln,  NE  68509 

Mr.  James  P.  Hawke 

Administrator 

Nevada  Div.  of  Water  Planning 

Capitol  Complex 

Carson  City,  NV  89710 

Dr.  William  P.  Stephens 
Secretary  of  Agriculture 
P.  0.  Box  3189 
Las  Cruces,  NM  88003 

Mr.  Gary  L.  Puppe 
Executive  Secretary 
N.  D.  Soil  Conservation 

Conirittee 
State  Capitol 
Bismarck,  ND  58505 

Mr.  Robert  D.  Kaiser 

Acting  Chainrian 

N.  D.  Natural  Resources 

Council 
State  Capitol 
Bismarck,  ND  58505 

Mr.  Edward  Pugh 
Office  of  the  Goveroor 
State  Capitol 
Oklahoma  City,  OK  73105 

Mr.  Leonard  Kunzman 
Director  of  Agriculture 
State  of  Oregon 
635  Capitol  Street 
Salem,  OR  97310 

Mr.  Anselem  Rumpca 

Natural  Resources  Policy  Analyst 

South  Dakota  State  Planning  Bureau 

State  Capitol  Building 

Pierre,  SO  57501 
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TEXAS 


UTAH 


WASHINGTON 


WYOMING 


Dr.  Bill  Fisher,  Director 
Bureau  'of  Economic  Geology 
University  of  Texas  at  Austin 
University  Station,  Box  X 
Austin.  TX  78712 

Mr.  William  K.  Dinehart,  Director 
Utah  Div.  of  State  Lands 
Empire  Bldg.,  Room  411 
231  East  Fourth  South 
Salt  Lake  City.  UT  84111 

Mr.  Thomas  Galbraith 
Special  Assistant 
Office  of  the  Governor 
Legislative  Building 
Olympia.  WA  98504 

Mr.  Collin  Fallat 

Natural  Resource  Analyst 

State  Planning  Coordinator's  Offict 

2320  Capitol  Avenue 

Cheyenne.  WY  82002 

Dr.  F.  E.  Busby.  Head 

Range  Management  Division 
University  of  Wyoming 
University  Station 
P.  0.  Box  3354 
Lararr.ie.  WY    82071 
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InterdepartTPental  Task  Force  (1979  -  1980) 


Mr.  Cristobal  P.  Aldrete 
Federal  Cochainnan 
Southwest  Border  Regional  Conun. 
1111  -  20th  St.  N.W.,  //306 
Washington,  D.  C.   20036 

Mr.  Gary  Blakeley 

Federal  Cochairxian 

Four  Corners  Regional  Coinn. 

Dept.  of  Comr.erce,  Ra.  1898C 

lAth  &  Constitution  Ave. 

Washington,  D.  C.   20230 

Mr.  Jay  Bassin 
Minerals  Project  Leader 
Office  of  Biological  Services 
Fish  &  Wildlife  Service/USDI 
Washington,  D.  C.   20240 

Mr.  Richard  Techtel 
Western  Governors'  Policy  Office 
Off.  of  the  Governor  of  Montana 
1730  Rhode  Island  Ave..  N.W. ,  v702 
Washington,  D.  C   20036 

Mr.  Kenneth  T.  Black 
Executive  Director 
National  Tribal  Chainnen's  Assn. 
1701  Fenna.  Ave.,  #207 
Washington,  D.  C.   20036 

Mr.  Charles  Boothby 

Natl.  Assn.  of  Conservation  Districts 

1025  Vermont  Ave.  N.W.,  //1005 

Mr.  Arlc  V.  Dalrymple 
Office  of  Surface  .Mining/USDI 
Technical  Services  &  Research 
1951  Constitution  Avenue 
Washington,  D.  C.   202A0 

Dr.  Marvin  Duncan,  Asst.  V,  P. 
Agricultural  Economist 
Federal  Reserve  Bank  of  Kansas  City 
Kansas  City,  Missouri  64198 


Dr.  William  Fisher,  Director 
Bureau  of  Economic  Geology 
University  of  Texas  at  Austin 
University  Station,  Box  X 
Austin,  Texas  78712 

Dr.  Frank  Golley,  Director 
Div.  of  Environsental  Biology 
U.  S.  National  Science  Foundation 
Washington,  D.  C.   20550 

Ms.  June  Hall 
Conservation  Division 
National  Wildlife  Federation 
1412  -  16th  St,  N.W. 
Washington,  D.  C.   20036 

Mr.  Thomas  A.  Henrie 
Bureau  of  Mines /L'SDI 
2401  E  Street,  N.W. 
Columbia  Plaza 
Washington,  D.  C.   20241 

Mr.  Reuben  L.  Johnson,  Director 
Legislative  Services 
National  Farmers  Union 
1012  -  14th  St.,  N.W. 
Washington,  D.  C.   20005 

Ms.  Carol  Jolly 

Office  of  the  Asst.  Secretary 

for  Environment,  Rm.  4G085 
Dept.  of  Energy,  Eorrestal  Bldg. 
Washington,  D.  C.   20585 

Mr.  George  McCarthy 
Federal  Cochairman 
Old  West  Regional  Coaaission 
1730  K  St.  N.W.,  #426 
Washington,  D.  C.   20006 

Mr.  William  McCredie 
National  Forest  Products  Assn. 
1619  Massachusetts  Ave.,  N.W. 
Washington,  D.  C.  20036 
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Mr.  Ronald  M.  Michieli.  Director 
Govt.  Affairs,  Land  &   Natl.  Resources 
National  Cattlemer's  Assn. 
A25  -  13th  St.  N.W.,  1511020 
Washington,  D.  C.   2000^ 

Mr.  Donald  Pendleton 
Chief  Range  Conservationist 
Soil  Conservation  Service 
USDA,  Rm.  6156  South 
P.  0.  Box  2890 
Washington,  D.  C.   20250 

Mr.  Jack  E.  Schmautz 
Society  for  Range  ManageiDent 
c/o  Forest  Service/USDA 
P.  0.  Box  2A17 
Washington,  D.  C.   20013 

Mr.  Patrick  Vaughan 

Pacific  NW  Regional  Commission 

V.    S.  Dept.  of  Commerce 

4A^  N.  Capitol  St.,  //122 

Washington,  D.  C.   20A60 


Mr.  Peter  Wise,  Deputy  Dir. 
Water  Planning/WH-554 
Environmental  Protection  Agency 
Washington,  D.  C.   20460 


Executive  Steerinr  Group  (1979-1980) 

Dr.  Thomas  Army 
Science  &  Educ.  Admin. /USDA 
Bldg.  005/BARC-W/Rm.  125 
Beltsville,  Maryland  20705 


Mr.  David  Herrick,  Director 
Rocky  Mountain  Forest  &  Range 

Experiment  Station 
Forest  Service/USDA 
240  West  Prospect  St. 
Fort  Collins,  Colorado  80526 

Dr.  George  Lea,  Deputy  Dir. 
Lands  and  Resources  (200) 
Bureau  of  Land  Management /USDl 
Washington,  D.  C.   20240 

Mr.  Bill  Long,  Director 
Off.  of  Food  &  Natural  Resources 
Dept.  of  State/Room  7820 
Washington,  D.  C.   20520, 

Dr.  Priscllla  Reining 
Arid  Lands  Committee 
Office  of  Industrial  Science 
American  Association  for  the 

Advancement  of  Science 
1776  Massachusetts  Ave.,  N.W. 
Washington,  D.  C.   20036 

Dr.  Theodore  M.  Schad 
Deputy  Executive  Director 
Commission  on  Natural  Resources 
National  Research  Council/NAS 
2101  Constitution  Avenue 
Washington,  D.  C.   20418 

Mr.  Frank  Thomas,  Director 
Policy  Office 

U.  S.  Water  Resources  Council 
2120  L  Street,  N.W.,  #800 
Washington,  D.  C.  20037 


Mr.  Malcolm  Baldwin 
Council  on  Environmental  Quality 
722  Jackson  Place,  N.W. 
Washington,  D.  C.   20006 

Dr.  Audrey  Buyrn 

Off.  of  Technology  Assessment 

U.  S.  Congress 

Washington,  D.  C.   20510 

Dr.  Priscllla  Grew,  Director 
California  Dept.  of  Conservation 
1416  Ninth  St.,  Rm.  1320 
Sacramento,  California  95814 
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